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REVIEW OF LITERATURE
Introduction
The greenhouse industry has adopted soilless media for the growth of
many crops (Stamps and Evans, 1997). Most of the media used in greenhouse
crop production consist primarily of peat (Stamps and Evans, 1997). A concern
has been that with the widespread use of the peat- based media, wetland
ecosystems are being depleted (Stamps and Evans, 1997). Increasing prices
along with the decrease in the availability of peat are also incentives to find
alternatives (Meerow, 1994). Many different substrates have been studied to
determine their effectiveness as a substitute for peat (Evans and Stamps,
1996a&b). Numerous organic by-products are produced each year from
agricultural, industrial, and human activities (Lemaire, 1997; Verhagen, 1997;
Rosen 1993). Finding an use for these by-products will help to address the
increasing problems of waste disposal. Also, before a substrate can be used as
an alternative medium, it is important to determine if plant nutritional regimes will
have to be altered from those used in peat- based media.
Environmental concerns are growing over the depletion of the peat bogs,
and the problems of agricultural by-product disposal (Tattini and Traversi, 1992).
Examples of some agricultural by-products introduced for use in growing media
include bark, wood fiber, saw dust, coir products, and rice chaff (Verhagen,
1997). The utilization of agricultural by-products as an adequate alternative to
peat could help solve problems of waste disposal. Increasing costs of waste
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disposal are initiating interests into alternative uses for by-products (Rosen,
1993).
Soilless potting mixes usually supply no natural nutrition; hence any
changes in the composition of the medium could effect the fertility regime
required to obtain optimum plant growth . The lack of information on how
substitutes for peat affect nutritional regimes of crops is a major problem (Bragg,
1995). Materials of organic origin are often highly variable in nutrient and salt
contents and require a pretreatment, such as leaching, before use as a container
medium (Robertson, 1993). The nutrient of greatest concern is nitrogen (Bragg,
1995). The organic compositions of media might influence the amount and form
of nitrogen supplied or required (Bragg, 1995). Cabbage required more NO3-N
fertilization in an aged or composted pine bark than in a peat-lite medium. The
same trends were found for vinca (Cartharanthus roseus (L.) G. Don)
(Handreck, 1992; Thomas, 1995). Widmer (1986) found that nitrogen
accumulation by geraniums was greater in peat-based media than in a medium
of bark alone. This difference was attributed to the fact that microorganisms
within the bark medium immobilized the nitrogen which lessened the availability
of N relative to that in peat. The same differences between peat and bark media
were also found with phosphorus accumulation (Widmer, 1986). Media and plant
analysis might provide the information necessary to treat the media or to adjust
the nutritional regimes to obtain optimal plant growth. For example, coir, a by¬
product produced from the removal of long coconut fibers for use in industrial
products, has a higher potential for leaching of nutrients than peat and may
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require a higher fertilizer application than a peat medium (Robertson, 1993;
Tattini et al., 1992). Research has shown that variations in the composition of a
medium could be compensated for by changing the nutritional regimes applied
during growth (Rozas et al., 1995).
The experiments in this thesis utilized different media to determine the
degree to which the medium affected plant growth, the nutritional regime required
to obtain optimum plant growth and to assess the nutritional status of the plants
by using plant and media analysis.
In the assessment of a substrate as an alternative to peat, it is important
to determine how plant nutrition will be affected by the alternative medium.
Depending on the source of the medium, the physical and chemical components
will differ and will affect the approach taken to grow the plants. Studies
conducted on the problems with the production of vinca concluded that the
fertilization requirements recommended in standard bedding plant production
were not sufficient for vinca grown in soilless media (Thomas, 1995). Elemental
analysis of media extracts is necessary to determine the appropriate nutritional
regime for a growing medium (Jones, 1999).
Plant and media analysis are useful in determining nutrient regimes of a
crop if the physiological stage of the plant is also considered. Development of
nutrient regimes that maximize nutrient absorption and accumulation thus
preventing periods of nutrient stress should be correlated to a specific
physiological stage of plant growth (Marti and Mills, 1991a). Nutrient
concentrations within plant tissues fluctuate as plants mature (Mengel and
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Kirkby, 1979). Plants have peak demand periods that differ for each element
(Marti and Mills, 1991b; Mills and Jones, 1991). Three demand periods have
been identified for calcium during the growth cycle of bell peppers (Capscum
annuum L.) (Marti and Mills, 1991b). Calcium absorption increased at bloom, at
the development of the first fruit cluster, and the greatest demand occurred
during the development of the second and third fruit clusters. The study with bell
peppers showed that fruit development decreased the absorption of calcium, and
after the fruits were harvested, a sharp increase in the concentration of calcium
uptake followed (Marti and Mills, 1991 a&b). Also, nitrogen concentration in
leaves of poinsettia declined as the growth of the plants progressed (Cox and
Seeley, 1983; Dole and Wilkins, 1991; Mills and Jones, 1991). According to Cox
and Seeley (1983), phosphorus concentration in poinsettia tissues tended to
decline as plant growth progressed. However, Dole (1991) found that the
phosphorus concentration in poinsettia leaves tended to increase with plant
development. Potassium concentrations in poinsettia leaves also decreased as
plant growth progressed (Dole and Wilkins, 1991; Mills and Jones, 1991). Dole
and Wilkins (1991) found that the concentrations of aluminum, magnesium, iron,
manganese, zinc, and boron tended to increase with plant age. However, Mills
and Jones (1991) found that as the physiological stage of plant development
progressed, zinc and boron concentrations in tissues decreased.
Tomatoes (Lycopersicon esculentum Mill.) were used as indicator plants
for the experiments in this thesis due to the fact that they have been extensively
studied and for their agronomic importance. Approximately 2.8 million hectares
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<6.9 m*on acres) are useo worldwide for growing tomatoes for fresh markets
ana for processing (Jones. 1999\ The yearty worldwide tomato fruit production
s approximately 77.5 m#»on common tons (Jones. 1999). In the United States,
total greenhouse vegetable production covers an area of 183 hectares (450
acres) (Snyder. 1995).
Tomato production is likely to increase with the growing interests in
rmproving diets, which rndude increasing vegetable consumption (Snyder, 1995).
Consumers are also interested in the freshest produce available and greenhouse
production of tomatoes supplies a fresh fruit that can be vine-ripened (Jones,
1999; Snyder, 1995). Field-grown tomatoes often are harvested before full
maturation can occur to accommodate for the long shipping distances (Jones,
1999; Snyder, 1995). When the tomatoes are harvested before maturity, they
must either ripen naturally in shipment or ethylene treatments are used to induce
the ripening process (Jones, 1999; Wills et al, 1989). Greenhouse tomatoes are
available year round and they develop the full flavor of a vine-ripe tomato. Fieldgrown tomatoes that are harvested green tend to not develop the same flavor
intensity as those that are vine ripened (Snyder, 1995). Hence, the growth of the
greenhouse industry and the need for research on soilless media.
Soil was originally the medium of choice for tomatoes in greenhouse
production; however, when rooting-zone problems developed and limited yields,
alternative media were sought (Straver, 1995). Today more than 50% of
greenhouse tomatoes in Ontario, Canada, are produced in rockwool (Straver,
1995). However, rockwool is generally used for lor 2 years and then disposed.

5

Not only are significant costs associated with disposing of the used rockwool, but
also environmental concerns arise over the waste produced (Straver, 1995).
Due to the costs and environmental implications of using rockwool, alternative
media that can be used for longer periods of time and generate less waste, to
help alleviate environmental waste concerns, are being sought.

Alternative Media
Coir
One alternative to peat is coconut coir dust. This material is a by-product
produced when coconut husks are shredded and the long fibers are extracted
(Handreck, 1993; Meerow, 1994; Tattini and Traversi, 1992). The material
remaining at the end of this process, which is mostly short and medium length
fibers and pith tissue, is regarded as waste-grade coir (Evans and Stamps,
1996a; Meerow, 1994; Handreck, 1993; Noguera and Abad, 1997). Most coir
dust originates from Sri Lanka, India, Philippines, Indonesia, Mexico, Costa Rica,
and Guyana (Evans and Stamps, 1996a). Coir dust has been used as a
component in potting media for years in the Eastern Hemisphere (Stamps and
Evans, 1997). However, little scientific literature deals with coir as a soilless
media or as a component in a soilless mix (Handreck, 1993). The use of coir as
a substitute for peat could alleviate the heavy use of peat in soilless media, but it
could also serve as a useful and profitable disposal for the coir dust. Coconut
coir dust has been determined to have some characteristics equal to those of
peat (Stamps and Evans, 1997).
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Some of the properties of coir dust that make it a viable alternative to peat
are (1) high water-holding capacity, equal or superior to sphagnum peat; (2)
excellent drainage, equal to sphagnum peat; (3) absence of weeds, seeds, and
pathogens; (4) physical resilience (withstands compression of baling better than
sphagnum peat); (5) renewable resource, with no ecological drawbacks to its
use; (6) slower decomposition than sedge or sphagnum peat; (7) acceptable pH,
cation exchange capacity (CEC), and electrical conductivity (EC); and (8) easier
wetability than peat (Meerow, 1994). As shown by Evans and Stamps (1996a)
with an increase in the amount of coir in the soilless mix, root fresh weights and
shoot fresh weights increased compared to the weights of plants grown in
predominately peat-based mixes. These differences were attributed to the
differences in the water-holding capacities and air-filled pore spaces of the
different media, which were obtained by increasing the amount of coir in the
soilless mixes (Evans and Stamps, 1996a). Also, petunias and marigolds grew
better in coir mixes than in peat-based mixes due to the higher water-holding
capacity in coir-based mixes (Evans and Stamps, 1996a). To use coir dust as an
alternative, some fertility regimes have to be altered (Meerow, 1994). Liming
requirements of coir dust are lower than those for sphagnum peat due to the
slightly acidic conditions that are close to the optimum range in coir (Noguera
and Abad, 1997). The natural ability of coir to supply ample levels of nutrients
without outside sources is limited, especially with respect to nitrogen, calcium,
and magnesium (Noguera and Abad, 1997). Coir dust contains high levels of
potassium. To account for these levels, fertilizers with lower potassium
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concentrations should be substituted (Noguera and Abad, 1997). Most coir dust
products also contain high levels of Na and Cl (Handreck, 1993; Meerow, 1994).
To correct these problems, coir should be leached before use, as leaching has
shown to be effective in preventing Na and Cl toxicities in the coir dust
(Handreck, 1993). Analytical tests of coir could help determine the
concentrations of elements needed to sustain optimal plant growth.

Composted By-Products
Another alternative to peat is composted by-products. Research on the
use of compost in media would not only help with the problem of wetland
depletion but also with the increasing problem of agriculture and industrial by¬
product disposal (Burroni et al., 1994; Rosen, 1993; Tattini and Traversi, 1992).
Some states have passed legislation that will require a 50% reduction of disposal
into landfills by the year 2000 (Hartz et al. 1996). One-way to accomplish this
reduction is to compost green waste that is composed primarily of grass clippings
and landscaping waste (Hartz et al. 1996). A benefit in using composted by¬
products is the addition of organic matter to the medium as a direct substitute for
peat in this capacity. The main problem with using composted waste is the lack
of uniformity of the components (Rosen, 1993). The concerns of heavy metals
and non-biodegradable materials, such as glass and plastics, in compost present
problems in its use as an alternative to peat (Baruzzini and Francesco, 1992).
Composted yard waste, compared to sludge-based composts, typically contains
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tower levels of heavy metals, allowing composted yard waste to be used
beneficially in agriculture (Hartz et at. 1996).
However, for compost to substitute for peat in media, the composted
amendment must be uniform in particle size, organic content, and provide
consistent results to be of any value. Soluble salt levels must be measured
before use and leaching performed if necessary (Hartz et al. 1996). Benefits of
the use of compost in media have been demonstrated. Composted materials
improve soil properties compared to peat, such as increasing soil aeration, CEC,
and water holding capacity along with decreasing bulk density (Manning and
Tripepi, 1995). These benefits also might be imparted to soilless media. Past
research has shown that when grown in compost, plants demonstrated an overall
increase in growth compared to growth in a peat- based medium (Tattini and
Traversi, 1992). Plants grown in different substrates have different growth
responses to differing nutrient levels (Burroni et al. 1994). Plants grown in
substrates amended with composted material had the highest biomass of all the
substrates, while receiving the most dilute nutrient solution (Tattini and Traversi,
1992). These higher yields of plants grown in compost or medium amended
with compost are attributed to the improved physical properties of the medium,
the humic matter, and to the nutrients in the media (Rosen, 1993; Tattini and
Traversi, 1992).
Compost offers a source of essential major and trace elements for the
plants along with the addition of organic matter (Gouin, 1991). A study by Hartz
et al. 1996 showed that the macronutrient concentration of plants grown in a
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medium with compost was substantially higher than that of plants grown in a
peat-based medium. Again the increase in macronutrient concentration was
attributed to the presence of nutrients in the composted medium. Also different
types of media affected the foliar concentrations of the macronutrients Ca and
Mg (Elliott et al. 1994). If composted green waste was substituted for peat in a
greenhouse medium either tomatoes or marigolds demonstrated equivalent or
superior growth than plants grown in a peat-based medium (Hartz et al. 1996).
Although compost offers a source of nutrients, fertilizer may need to be supplied
to obtain optimum plant growth. Supplemental fertilization, especially N, would
need to be applied to achieve optimum yields (Rosen, 1993). Media and plant
analysis could provide the information for establishing an adequate nutritional
regime.
Problems are associated with using compost as an alternative-growing
medium. Some of these problems are the occurrences of bad odors in immature
composts, particle size inconsistencies, and unknown product composition
(Rosen, 1993). The variability of physical and chemical composition of compost
leads to variable plant growth responses (Rosen, 1993). Studies have shown
considerable variability in pH levels, electrical conductivity (EC), and
macronutrient concentrations (Hartz et al. 1996). These differences have been
attributed to the source of the material, composting technique, and degree of
maturity. The differences in chemical and physical composition of media
demonstrate the importance of plant and media analysis in order to understand
how medium composition affects plant growth and fertilizer regimes.
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Goals of this research were to determine whether coir and compost were
viable substitutions for peat in greenhouse soilless mixes; to determine the
optimum nutrient solution range for each media as affected by differing medium
components; and to determine if optimum nutrition can be assessed by plant and
media analysis.
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CHAPTER II
DETERW NATION OF THE OPTIMAL FERTILIZER CONCENTRATION RANGE
FOR TOMATOES GROWN IN A PEAT-BASED MEDIUM

Abstract
Far optimum plant growth in containers, adequate plant nutrition is
essential Ob>ectrves of this research were to determine the optimum fertilization
c* tomatoes (Lycopersicon esculentum Mill.) in a peat-based medium and to
assess plant nutrition by plant and media analysis. Tomato seedlings (‘Heinz
1437'; were transplanted (one plant per pot) into 2-liter pots filled with a peatbased medium. The medium was fertilized with a progressive array of soluble
fertilizers to supply N at 0, 50, 100, 150, or 200 mg/L of solution with
accompanying proportional increases of other macronutrients with each increase
in N (P at 0, 11, 22, 33, or 44; K at 0, 40, 80, 120, or 160; Ca at 0, 50, 100, 150,
or 200, and Mg at 0, 12, 24, 36, or 48 mg/L). The plants were irrigated starting
with 100 mL of fertilizer solution per day and increasing to 200 mL per day as
plant growth progressed. The tomatoes were harvested at three stages of
growth ( 5-leaf stage, flower initiation, and fruit formation) for analysis of growth
and composition. Samples of media for nutrient analysis were taken at each
growth stage. Plant biomass increased linearly as fertilizer level increased or as
time progressed. Generally, concentration of extractable nutrients in the medium
increased linearly with increases in nutrients in the solutions. However, as time
progressed, N concentrations in media rose, but P, K, Ca, and Mg in the media
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fell. Concentrations of N, P, or K in leaves increased as nutrition increased, but
Mg or Ca in leaves had no significant changes with increased nutrient supply.
The N, P, Ca, and Mg concentration in tissues fell, but K rose with time.
Assessment of plant nutrition was best at flower initiation, with assessments at
the other stages of development being judged as untimely or excessively
variable. For maximum growth, critical concentrations of nutrients in the media
(mg/kg) at flower initiation were judged to be 30 N03-N, 30 P, 300 K, 2600 Ca,
and 800 Mg and in leaves (g/kg) to be 35 N, 10 P, 70 K, 35 Ca, and 20 Mg.
Fertilization to reach these critical concentrations was reached with the third level
(the regime with 100 mg N / L) or higher levels of nutrition.

Introduction
The composition of a medium influences the amount of fertilizer that
should be applied to ensure optimum plant growth (Tattini and Traversi, 1992;
and Rosen, 1993). Achieving an optimum fertilizer concentration for the medium
in use and ensuring the availability of nutrients to the plant are important when
determining management practices for a crop. When determining a nutritional
regime for a crop, the physiological stage of the plant and the plant-medium
interaction should be considered. With environmental concerns and costs of
operations growing, the fertilizer concentration needed to optimize plant growth
should be assessed. Growers are not only faced with future environmental
regulations of fertilizers, but they also have to deal with the fact that 70 to 80% of
production problems are nutritional, and growers cannot risk crop losses due to
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poor management practices (Whipker et al., 1994). According to Gosselin and
Charbonneau, (1988), excessive vegetative growth is one of the main causes of
poor yield for an early greenhouse tomato crop. A goal of the current research
was to use plant and media analysis to assess the nutritional status of tomatoes
at different stages of development and to develop a nutritional regime based on
those analyses allowing for optimum plant growth.
To supply adequate nutrition for optimum plant growth, the physiological
stage of development must be considered when adjustments to nutritional
regimes are required. This requirement is attributed to the fact that nutrient
concentrations in plant tissues and the demand for those nutrients fluctuate with
the stage of plant development (Mills and Jones, 1996). In general, the
concentrations of nutrients within the dry matter of plants declines as the age of
the plant progresses with the exceptions of calcium and iron (Marschner, 1995).
Therefore, the optimum concentrations of mineral nutrients are generally less in
older plants than in younger plants (Marschner, 1996). For example, a P
content of 0.2% in the straw dry matter of cereals is considered high whereas the
same concentration of P in a young cereal plant would be considered too low for
optimum plant growth (Mengel and Kirkby, 1979).
Overall trends of nutrient composition as a function of plant age can be
altered with different nutrient levels (Mills and Jones, 1996). Nitrogen levels can
increase temporarily in a mature plant if side dressings of N, particularly
ammonium, are added to the nutritional regime (Mills and Jones, 1996). In
general, the tissue contents of N, P, and K decrease as the stage of plant
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development progresses and the contents of Ca, Mg, Mn, and B often increase
(Mengel and Kirkby, 1979).
In this experiment, plants were sampled at three stages of growth to
determine the effects of age, if any, on nutrient concentration and to use this to
determine the optimum sampling stage. Media and plant analysis provide crucial
information on the nutritional requirements of the crop. There are many factors
that can influence the optimum fertilizer range for a crop including the species,
media composition, age of the plant, and optimum concentrations of the
elements needed for adequate plant growth. With all of these factors considered,
the analysis of plants or media should provide the information needed to adjust
the nutritional regimes of the crop to provide optimum plant yields.

Materials and Methods
Experimental Design
Tomato (Lycopersicon esculentum Mill. ‘ Heinz 1437 VF’) was used for the
experiment. Tomato seedlings were transplanted (one plant per pot) into half¬
gallon pots (2 liters) with a peat-based medium (Sunshine Basic Mix 2, Sungro,
Bellevue, Washington) with no additional nutrients added to the basic medium.
The medium was fertilized with a progressive array of a soluble fertilizer (Peters
Peat Lite Special 20-10-20, Peters Fertilizer, Fogelsville, Pa.) with nitrogen at 0,
50, 100, 150, and 200 mg/L. Calcium chloride was added in the same
progressive array as nitrogen starting with Ca at 0, then 50, 100, 150, and 200
mg/L. Magnesium sulfate was added to the nutrient solutions starting with
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magnesium at 0 then 12, 24, 36, and 48 mg/L. The plants were irrigated with the
fertilizer solutions starting with 100 mL once a day. This volume was increased,
at approximately the flower initiation stage, to 200 mL. The plants also received
water as needed. The experimental design was four randomized complete
blocks in a greenhouse.
To determine the optimal fertilizer range, the stage of plant growth must
also be considered; therefore, in this experiment the plants were sampled at
three separate growth stages. The first sampling occurred when the plant
reached the 5-leaf stage, the second sampling occurred at flower initiation, and
the last sampling was at the initiation of fruit formation. At each sampling, fresh
weights and SPAD colorimetric readings (Minolta, Osaka, Japan) were recorded.
Healthy leaves from all sections of each plant were combined to represent a
sample of that plant.
After sampling, the leaves were placed in an oven at 70°C and dried for 48
hours to achieve a constant, dry weight. After drying, the plants were ground
through a 30-mesh screen (approximately 0.8-mm openings). The leaves were
tested for total N, P, K, Ca, and Mg using the procedures discussed below.
The medium was hand mixed to obtain uniformity and approximately 4
cups (900g) of wet media were placed in a plastic bag and refrigerated until
extraction. The medium was extracted with a universal extracting solution,
Morgan’s solution, (Lunt et al., 1958) and tested for NO3-N, P, K, Ca, and Mg
using the procedures discussed below.
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The data from this experiment were subjected to analysis of variance
procedures (SAS Institute, Cary, N.C.; Steel and Torrie, 1980). Orthogonal
polynomial comparisons were used to study trends relative to fertilizer
concentration treatments. These comparisons were then associated with linear
or quadratic trends.

Elemental Analysis
Plant Tissue Analytical Procedures
Sample Preparation and Analysis for Nitrogen
Nitrogen. Nitrogen was determined using a modified Kjeldahl procedure
(Bradstreet, 1965). The ground leaves were weighed into 0.200-g samples. One
gram of K S0 was added to the samples to increase the boiling point along with
2

4

a 0.30 g copper wire catalyst and 4 mL of concentrated H S04. The samples
2

were heated on a digestion rack until they were clear with a light blue color, for 1

1/2 to 3 hours. The samples were cooled and diluted with 30 mL of distilled
water; then boiling chips and 15 mL of 40% NaOH were added to the solution,
immediately before distillation. The samples were distilled into 10 mL of 2 %
H BO plus indicator (0.300 g bromcresol green and 0.165 g methyl red
3

3

indicators in 400 mL 95% ethanol and brought to 500 mL) until a volume of
approximately 25 mL was collected. The samples were then titrated with 1/70 N
KH(I

03)2

until the first perceptible color change from green to a pale pink.

Percent total nitrogen was then calculated from the volume of titrant, KH(I03)2,
used and mass of the sample.
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Tissue Ashing
A mass of 0.200 g was weighed for each sample and placed in a porcelain
crucible. The samples were ashed in a muffle furnace at 450°C for overnight.
After the samples cooled, 5 mL of a 0.075M HNO3 solution were added to the
ashed samples. After the ash dissolved, the samples were then transferred to a
50-mL volumetric flask, and the crucibles were washed three times with 5 mL
portions of the HNO3 solution. The HNO3 solution was used in the samples and
in the standards to keep the matrix of the two solutions the same (Miller, 1998).

Sample Preparation and Analysis for P
Phosphorus. Phosphorus was measured as molybdovanadophosphoric
acid (Franson, 1975). The mixed reagent for this analysis was prepared by
dissolving 25 g of ammonium molybdate tetrahydrate in 300 mL of distilled water
(solution 1). Added to solution 1 was a solution of 1.25g of ammonium vanadate
in 500 mL of 5 N HNO3. The solution was mixed and diluted to 1 liter with distilled
water. A standard solution was prepared by weighing 0.493 g of potassium
dihydrogen phosphate into a 1-liter volumetric flask with approximately 500 mL of
water. To this solution, 5 mL of concentrated HN03 were added, and the solution
was brought to volume using distilled water. One mL of the standard solution
was equivalent to 100 ug P.

A 10 mL subsample from each sample was placed

in a 25-mL volumetric flask. Five mL of the mixed reagent were added, and the
solution was brought up to volume with the HNO3 solution. The color developed
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for 15 minutes, and then the color was read at 470 nm on a spectrophotometer.
A calibration curve was determined from standards with the concentrations of
100, 200, 300, 500, and 1000 ug P in a 25 mL solution.

Calcium, Magnesium and Potassium Sample Preparation and Analysis
Calcium, magnesium, and potassium were determined using a modified
elemental determination by atomic absorption or emission spectrophotometry
(Kalra, 1998). The samples used in this procedure were taken from the solutions
prepared for each sample from ashing and dissolution with the HNO3 solution. A
subsample of 1/3 mL was taken from each sample and placed into a 100-mL
volumetric flask. To each sample and standard, 4 mL of lanthanum chloride
were added as a releasing agent, and 8 mL of cesium chloride were added as an
ionization suppressant. The lanthanum chloride was prepared by adding 58.64 g
of La2C>3 to 100 mL of distilled water. Then 200 mL of HCI were added, to
dissolve the La2C>3, and the solution was brought to a volume of 1 liter with
distilled water to obtain a concentration of 50,000 mg La/L. The cesium chloride
was prepared by dissolving 12.5 g of CsCI in 1 liter of distilled water to obtain a
concentration of 20,000 mg Cs/L. The samples were then brought to volume
with distilled water. A blank solution (consisting of 10 mL of lanthanum chloride
and 20 mL of cesium chloride brought to 250 mL using distilled water) also was
prepared and used in each of the three analyses.
Each of these samples was then used to measure the concentrations of
calcium and magnesium by atomic absorption spectrophotometry (AAS) (Kalra,
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1998) and potassium by atomic emission spectrophotometry (AES) (Hanlon,
1998).
Caicium. The standards were made from a 10 mg Ca/ liter calcium stock
standard and were in the concentrations of Ca 0.25, 0.5,1.0, and 2 mg /L to
establish a standard calibration curve by AAS.
Magnesium. The standards were made from a 10 mg Mg IL stock
standard and had concentrations of Mg at 0.05, 0.10, 0.25, and 0.5 mg/L to
establish a standard calibration curve by AAS.
Potassium. The standards were made from a 10 mg/L potassium stock
standard and were in the concentrations of K at 0.25, 0.5, 1, and to 2 mg/L to
establish a standard calibration curve by AES.

Media Analytical Procedures
Extraction Procedure
The media samples were extracted with Morgan’s universal extracting
solution (Lunt et al., 1958). The Morgan’s solution was prepared by dissolving
lOOg sodium acetate trihydrate into 1 liter of distilled water. The acetate solution
was adjusted to a pH of 4.7 with glacial acetic acid. The medium to extract ratio
was 1:4 w/v. A 10-gram subsample of medium was weighed from each sample,
and to that 40 mL of the Morgan’s solution were added. The samples were
extracted for 30 minutes on a platform shaker and then filtered. The samples
were leached with the Morgan’s solution until a 50-mL volume was obtained for
each sample. The extract for each sample was analyzed for the following
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eie~e-rs HOr-N z Ca Mg and K. The 10-gram media samples were wet
whe- they wens used in the extraction procedure. Therefore, to express the
r te~ss of dry weight
an ever a: ~C =€ ~or

^8

-g sub-samples from each sample were dried in
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nours ana then weighed for dry mass.

Sampe Preparation ana Analysis for NOj-N. P. Ca. Mg. and K
N’rooen. Nitrogen as nitrate, was determined by the rapid colorimetric
oete—inabor py nitration of sateyfic add (Cataldo, 1975). To determine the
a—o‘ nitrate present in the extracts of the samples, 0.2 mL was taken from
eacr sa^oie ana oiaced in a 50-mL volumetric flask. To the flasks 0.8 mL of 5%
rwfv saScyftc add [(SAH-feSO*] were added and allowed to sit for 20 minutes.
~he 5S SA-H-SO* was prepared by pladng 5 g SA into a 100 mL volumetric
flask- aoding 30 mL of concentrated H2SO4, and shaking the preparation until the
SA was dissolved. After the SA was dissolved, the solution was brought up to
' 00 mL with concentrated H2SO4. At the end of 20 minutes, 19 mL of 2N NaOH
«ere aobed to each sample. The samples were then cooled to room
temperature ana read at 410 nm on a spectrophotometer A stock solution of
2 X mg N/L was used to prepare the standards for analyzing NO3-N. The
standard stock nitrate-N solution was made by weighing 0.722 g KNO3 into a
500-mL volumetric flask and then bringing to volume with distilled water The
standards were prepared from this stock solution by diluting them appropriately.
The concentrations of nitrogen (as NQ3) in the standards that were used are 1.0,
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2.0, 3.0,4.0, 5.0, and 10 mg/L. For each of these standards and samples, the
above-mentioned procedure for color development and reading was used.
Phosphorus. Phosphorus was measured as molybdovanadophosphoric
acid (Franson, 1975). A 10-mL subsample of extract from each sample was
placed in a 25-mL volumetric flask. Five mL of the mixed reagent were added,
and the solution was brought to volume with the 0.075 M HN03 solution. The
color developed for 15 minutes, and then the samples were read at 470 nm on a
spectrophotometer.
A calibration curve was determined using standards with the
concentrations of P at 100, 200, 300, 500, and 1000 pg in 25 mL. The
procedures for preparing the reagents and the standards are written out in the
plant tissue phosphorus procedures (pages 20-21).

Calcium, Magnesium and Potassium Sample Preparation
To determine calcium and potassium, a subsample of 0.20 mL was taken
from each sample extract and placed into a 50-mL volumetric flask. To each
sample, 2 mL of lanthanum chloride were added as a releasing agent, and 4 mL
of cesium chloride were added as an ionization suppressant (preparation of the
lanthanum chloride and the cesium chloride is discussed in the plant procedures
page 21). To determine magnesium, a subsample of 0.1 mL was taken from
each sample extract and placed into a 50-mL volumetric flask. To each sample, 4
mL of CsCI was added as an ionization suppressant. The samples were then
brought to volume with distilled water. A blank solution was also prepared and
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used in each of the three analyses. The blank solution consisted of 10 mL of
lanthanum chloride and 20 mL of cesium chloride in a volume of 250 mL.
Each of the samples prepared above were then used to measure the
concentrations of calcium, magnesium, and potassium using AAS or AES.
Calcium. The standards were made from a 10 mg Ca/L stock standard
and were in the concentrations of Ca at 0.5, 1.0, 1.5, 2.0, and 2.5 mg/L to
establish a standard calibration curve on the AAS. The procedures for preparing
and analyzing the standards are outlined in the plant tissue procedures (page
21).
Magnesium. The standards were made from a 10 mg Mg/L stock
standard and had concentrations of Mg at 0.10, 0.20, 0.30, 0.4, and 0.5 mg /L to
establish a calibration curve for the AAS. The procedures for preparing and
analyzing the standards are outlined in the plant tissue procedures (page 21).
Potassium. The standards were made from a 10 mg K/ L stock standard
and they were in concentrations of K at 0.05, 0.10, 0.20, 0.30, and 0.40 mg/L to
establish a calibration curve for the AES. The procedures for preparing and
analyzing the standards are outlined in the plant tissue procedures (page 21).

Electrical Conductivity and pH
To determine electrical conductivity (EC) and pH, the media samples were
extracted using a saturated paste extraction method, using a 1:1 w/v ratio of
media to distilled water to perform this extraction. The media were saturated with
the distilled water and were extracted for one hour with no shaking. The media
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were then filtered, and the extractant used to determine EC and pH. The EC was
taken of the extracted media using a conductivity meter (Corning 311
Conductivity Meter, Corning, N.Y.) and the pH of the extract was measured
electrometrically (Orion pH Meter model 2308, Boston, Mass.).

Nutrient Critical Concentration Determinations
Critical concentrations for nutrients were determined at each stage of
development: 5-leaf, flower initiation, and fruit formation. The critical
concentrations were determined to be at the fertilization level where maximum
plant growth occurred. The critical concentration units are g/kg for plant tissue
and mg/kg for media.

Accumulation Index
Accumulation index represents the level of the nutrient within the plant
based upon the shoot biomass and nutrient concentrations in leaves. The
nutrient accumulation was estimated by multiplying the percent nutrient
concentration by the fresh shoot weight and dividing by ten to correct for water in
tissues.
Results
Plant Tissue Results
Plant Growth. Fresh weights increased as plant maturity increased from
the 5-leaf stage to fruit formation (Fig. 2.1). At the 5-leaf stage, the level of
fertilizer caused no significant variation in plant growth. Plant growth increased
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linearly at flower initiation and at fruit formation, with the highest fertilization level
resulting in the largest shoot biomass.
Nitrogen. Mean N concentration in leaves, a composite sample from the
whole plant, increased linearly from 24.3 g/kg at level 2 (50 mg/L) to 32.5 at level
5 (200mg/L) (Table 2.1,Table 2.2,). Nitrogen concentrations in plant tissues
decreased as the stage of development progressed (Table 2.2 and Fig. 2.2).
The mean nitrogen concentrations in leaves at the 5-leaf stage (harvest 1) was
33 g/kg decreasing to 31 g/kg at flower initiation (harvest 2) and to 24 g/kg at fruit
formation (harvest 3). Nitrogen concentration in the leaves increased linearly as
the fertilization level increased at the 5-leaf stage, from 23 g/kg at level 2 to 38
g/kg at level 5, and at flower initiation, from 28 g/kg at level 2 to 34 g/kg at level
5; however, no significant effect of the different fertilizer levels on the
concentration of N in leaves was determined at fruit formation, with
concentrations ranging from 22 g/kg at level 2 to 25 g/kg at level 5 (Fig. 2.2).
Over all three stages of development, the index of N accumulation in
plants increased linearly, from 0.14 g at level 2 to 0.61 g at level 5, with
increasing fertilization (Table 2.1 and Table 2.3). The total index of N
accumulation was the same at flower initiation, 0.44 g, and fruit formation, 0.46 g;
A

but less total N was accumulated at the 5-leaf stage, 0.21 g (Table 2.3 and Fig.
2.3). The magnitude of increase in total N accumulation index is a factor of the
increase in the supply of N and increases in biomass with time of harvest. The N
accumulation index in the plant increased linearly as the fertilization level
increased at the 5-leaf stage from 0.08 g at level 2 to 0.34 g at level 5, at flower
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initiation from 0.18 g at level 2 to 0.76 g at level 5, and at fruit formation from 0.19
g at level 2 to 0.75 g at level 5 (Fig. 2.3).
Critical concentrations were determined for each nutrient in plant tissue.
The values for the critical concentrations were based on the fertilizer
concentration in which maximum plant growth occurred. For N, at all three
stages of development, maximum plant growth was obtained at the highest
concentration of fertilizer, which contained 200 mg/L N (Table 2.1 and Fig. 2.1).
Therefore, the critical concentrations at all three stages of development for N
were determined at this level. At the 5-leaf stage the critical concentration was
40 g/kg, decreasing to 35 g/kg at flower initiation, and to 25 g/kg at fruit formation
(Table 2.4 and Fig. 2.1).
Phosphorus. Phosphorus concentration in leaves, expressed as means
over the three harvests, increased linearly as the treatment level increased from
2.30 g/kg at level 2 to 3.5 g/kg at level 5 (Table 2.1 .Table 2.2, and Fig. 2.4). No
significant differences in the mean concentrations of P in leaves occurred among
the three stages of harvest (Table 2.2 and Fig. 2.4). At the 5-leaf stage, P
concentrations in the leaves increased linearly from 2.3 g/kg at level 2 to 4.7 g/kg
at level 5, as the fertilization level increased. However, increasing fertilizer
levels had little effect on P concentration in plant tissues at flower initiation with P
ranging from 2.5 g/kg at level 2 to 3.5 g/kg at level 5, and at fruit formation
ranging from 2.1 g/kg at level 2 to 2.6 g/kg at level 5.
Phosphorus accumulation index in the shoots increased linearly from
0.028 g at level 2 to 0.13 g at level 5, as the level of fertilization increased (Table
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2.1, Table 2.3, and Fig. 2.5). The P accumulation index was the same at flower
initiation, 0.09 g, and fruit formation, 0.09 g, but less P was accumulated at the 5leaf stage, 0.05 g (Table 2.3 and Fig. 2.5). The magnitude of increase in P
accumulation index is a factor of the increase in supply of P and of increases in
biomass with time of harvest. Phosphorus accumulation index in shoots
increased linearly as the fertilization level increased at the 5-leaf stage from 0.02
g at level 2 to 0.08 g at level 5, at flower initiation from 0.03 g at level 2 to 0.15 g
at level 5, and at fruit formation from 0.04 g at level 2 to 0.16 g at level 5.
For P, at all three stages of development, maximum plant growth was
obtained by supplying the highest concentrations of fertilizer, which contained 44
mg/L P (Table 2.1 and Fig. 2.1). Therefore, the critical concentrations at all three
stages of development for P were determined at this level. At the 5-leaf stage
the critical concentration was 10 g/kg, decreasing to 7 g/kg at flower initiation,
and to 5 g/kg at fruit formation (Table 2.4).
Potassium.

Mean K concentration increased linearly from 51 g/kg at

level 1 to 61 g/kg at level 5, as the concentration of fertilization increased from 0
mg/L (level 1) to 200 mg/L (level 5), (Table 2.1, Table 2.2). Potassium
concentration in leaves decreased as the stage of growth progressed from the 5leaf stage to fruit formation (Table 2.3 and Fig. 2.6). Foliar K was not different at
»

the 5-leaf stage, 68 g/kg, or at flower initiation, 69 g/kg; however, the K
concentration in the leaves at fruit formation, 43 g/kg, was significantly lower than
the K concentrations in leaves at the previous two harvests. Potassium
concentration in the leaves followed a quadratic increase at the 5-leaf stage from
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54 g/kg at level 2, 62 g/kg at level 3, 93 g/kg at level 4, to 64 g/kg at level 5, as
the level of fertilization increased (Fig. 2.6). However, increasing fertilizer levels
had little effect on foliar K concentrations at flower initiation and fruit formation.
Index of accumulation of K in the shoots increased linearly from 0.30 g at
level 2 to 1.19 g at level 5, as the level of fertilization increased (Table 2.1 .Table
2.3, and Fig. 2.7). The total K accumulation index was highest at flower initiation
with 0.96 g, and at fruit formation, 0.85 g, but the K accumulated at the 5-leaf
stage was only 0.41 g (Table 2.3 and Fig. 2.7). The magnitude of increase in K
accumulation index is a factor of the increase in supply of K and increases in
biomass with time. Potassium accumulation index followed a linear trend at
flower initiation increasing from 0.59 g at level 2 to 1.52 g at level 5, and at fruit
formation from 0.32 g at level 2 to 1.46 g at level 5. At the 5-leaf stage,
increasing the concentrations of the fertilizer had no significant effect on K
accumulation index in the shoots.
For K, at all three stages of development, maximum plant growth was
obtained by supplying the highest concentrations of fertilizer, which contained
160 mg/L K (Table 2.1 and Fig. 2.1). Therefore, the critical concentrations at all
three stages of development for K were determined at this level. At the 5-leaf
stage the critical concentration was 65 g/kg, increasing to 70 g/kg at flower
initiation, and decreasing to 45 g/kg at fruit formation (Table 2.4).
Calcium. Mean Ca concentration in leaves did not vary significantly as the
level of fertilization increased (Table 2.1, Table 2.2). The mean calcium
concentration in leaves was 24 g/kg. However, concentrations in the leaves
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decreased as the stage of growth progressed from 5-leaf to fruit formation (Table
2.2 and Fig. 2.8). No significant difference in foliar Ca concentrations was
determined between the 5-leaf stage, 28 g/kg, and flower initiation, 26 g/kg;
however, the Ca concentration in the leaves at fruit formation, 18 g/kg, was
significantly lower than the Ca concentration in leaves at the preceding two
stages of growth (Fig. 2.8).
Mean Ca accumulation index in the shoots increased linearly from 0.15 g
at level 2 to 0.49 g at level 5, with increasing fertilization levels (Table 2.1, Table
2.3, and Fig. 2.9). Calcium accumulation index was the same at flower initiation,
0.38 g, and fruit formation, 0.37 g, but less Ca was accumulated at the 5-leaf
stage, 0.19 g (Table 2.3 and Fig. 2.9). Although significant increases in Ca
accumulation index were determined among the growth stages, the increase in
Ca accumulation index did not follow a specific trend at each harvest as the
concentrations of fertilizer increased.
For Ca, at all three stages of development, maximum plant growth was
always obtained by supplying the highest concentrations of fertilizer, which
contained 200 mg/L Ca (Table 2.1 and Fig. 2.1). Therefore, the critical
concentrations at all three stages of development for Ca were determined to be
at this level. At the 5-leaf stage and flower initiation the critical concentration was
35 g/kg, decreasing to 22 g/kg at fruit formation (Table 2.4).
Magnesium. Mean Mg concentration in leaves did not vary significantly
as the level of fertilization increased (Table 2.1, Table 2.2, and Fig. 2.10). The
mean Mg concentration among fertilizer treatments was 13 g/kg. No significant
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difference was determined between the mean Mg concentration at the 5-leaf
stage, 12/kg, and at flower initiation, 14 g/kg; however the Mg concentration at
fruit formation, 9 g/kg was significantly lower than the Mg concentrations at the
previous two growth stages (Fig. 2.10).
The index of accumulation of Mg in the shoots increased linearly, from
0.08 g at level 2 to 0.24 g at level 5, as the fertilizer level increased (Table 2.1,
Table 2.3, and Fig. 2.11). The total increase in indexed Mg accumulation index
was greater at flower initiation, 0.21 g, than at fruit formation, 0.17 g, or at the 5leaf stage, 0.10 g (Table 2.3 and Fig. 2.11).
For Mg, at all three stages of development, maximum plant growth was
obtained by supplying the highest concentrations of fertilizer, which contained 48
mg/L Mg (Table 2.1 and Fig. 2.1). Therefore, the critical concentrations at all
three stages of development for Mg were determined at this level. At the 5-leaf
stage the critical concentration was 20 g/kg, decreasing to 17 g/kg at flower
initiation, and to 11 g/kg at fruit formation (Table 2.4).

Media Results
Nitrogen. Nitrate-nitrogen concentration, averaged over all three stages of
growth, in media increased linearly from 27 mg/kg at level 1 to 56 mg/kg at level
5, as the concentrations of fertilizer increased (Table 2.1, Table 2.5). Nitratenitrogen concentrations in media varied as the stage of plant development
progressed from the 5-leaf stage to fruit formation (Fig. 2.12). The NO3-N
concentrations in the media were highest at the 5-leaf stage, 36 mg/kg, and at
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fruit formation, 62 mg/kg. However, the N03-N concentrations in media were
significantly less at flower initiation, 16 mg/kg, than at fruit formation (Table 2.5,
and Fig. 2.12). No significant effect of the different fertilizer levels on the
concentration of NO3-N in the media at flower initiation occurred. The mean N03N concentration at the 5-leaf stage followed a cubic trend as the level of
fertilization increased ranging from 9 mg/kg at level 1,11 mg/kg at level 2, 24
mg/kg at level 3, 82 mg/kg at level 4, to 53 mg/kg at level 5. The mean N03-N
concentration at fruit formation followed a cubic trend as the level of fertilization
increased ranging from 60 mg/kg at level 1, 47 mg/kg at level 2, 47 mg/kg at level
3, 68 mg/kg at level 4, to 90 mg/kg at level 5.
Critical concentrations were determined for nutrients in media mg/kg for
each nutrient. The values for the critical concentrations were based upon the
concentration of NO3-N in the media at which maximum plant growth occurred.
For NO3-N, at all three stages of development, maximum plant growth was
obtained by supplying the highest concentrations of fertilizer, which contained
200 mg/L N (Table 2.1 and Fig. 2.1). At the 5-leaf stage the critical concentration
was 60 mg/kg, decreasing to 30 mg/kg at flower initiation, and increasing to 90
mg/kg at fruit formation (Table 2.6).
Phosphorus. Mean phosphorus concentrations in the media increased
linearly from 18 mg/kg at level 1 to 40 mg/kg at level 5 as the concentrations of
fertilizer increased (Table 2.1, Table 2.5, and Fig. 2.13). Phosphorus
concentrations in media decreased as time progressed (Fig. 2.13). Phosphorus
concentrations in the media were highest at the 5-leaf stage with 35 mg/kg, and
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flower initiation with 29 mg/kg, than at fruit formation with 24 mg/kg (Table 2.5).
No significant difference occurred between the concentrations of P at flower
initiation and at fruit formation.
For P, at all three stages of development, maximum plant growth was
obtained with the highest concentrations of fertilizer, which contained 44 mg/L P
(Table 2.1 and Fig. 2.1). At the 5-leaf stage the critical concentration was 50
mg/kg, decreasing to 40 mg/kg at flower initiation and to 30 mg/kg at fruit
formation (Table 2.6).
Potassium.

Mean K concentrations in the media did not vary significantly

as the level of fertilization increased (Table 2.1, Table 2.5, and Fig. 2.14). The
mean K concentration in the media ranged from 309 mg/kg at level 1 to 348 at
level 5. The K concentration in the media decreased as the stage of
development progressed from the 5-leaf stage to flower initiation and to fruit
formation (Table 2.5 and Fig. 2.14).

The mean K concentration was higher at

the 5-leaf stage with 375 mg/kg than at flower initiation at 292 mg/kg or at fruit
formation at 278 mg/kg.
For K, at all three stages of development, maximum plant growth was
obtained by supplying the highest concentrations of fertilizer, which contained
160 mg/L K (Table 2.1 and Fig. 2.1). At the 5-leaf stage the critical concentration
in media was 450 mg/kg, decreasing to 310 mg/kg at flower initiation, and to 290
mg/kg at fruit formation (Table 2.6).
Calcium. Mean calcium concentration in the media increased linearly from
1761 mg/kg at level 1 to 2819 mg/kg at level 5, as the concentrations of fertilizer
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increased (Table 2.1, Table 2.5, and Fig. 2.15,). The stage of plant growth had
no significant effect on the Ca concentrations in the media (5-leaf stage, 2520
mg/kg, flower initiation, 2343 mg/kg; and fruit formation, 1993 mg/kg) (Table 2.5
and Fig. 2.15).
At all three stages of development, maximum plant growth was obtained
at the highest concentration of fertilizer, which contained 200 mg/L Ca (Table 1).
At the 5-leaf and flower initiation stages the critical concentrations were
determined to be 2600 to 3000 mg/kg, decreasing to 1800-2300 mg/kg at fruit
formation (Table 2.6).
Magnesium. Mean Mg concentrations in the media did not vary as the
concentrations of fertilizer increased (Table 2.1, Table 2.5, and Fig. 2.16). The
mean Mg concentrations were 873 mg/kg at level 1, 915 mg/kg at level 2, 940
mg/kg at level 3, 901 mg/kg at level 4, and 1014 mg/kg at level 5. The Mg
concentrations in media decreased as the stage of growth progressed (Table 2.5
and Fig. 2.16). The Mg concentration in the media was higher at the 5-leaf stage
with 1067 mg/kg than at flower initiation (868 mg/kg) or fruit formation (851
mg/kg) (Table 2.5). Trends with increasing fertilizer levels varied with date of
harvest (Fig. 2.16). Magnesium concentrations in media increased following a
cubic trend at the 5-leaf stage, from 909 mg/kg at level 1 to 1174 mg/kg at level
2, 1279 mg/kg at level 3, 813 mg/kg at level 4, and 1163 mg/kg at level 5.
However, fertilizer levels had no significant effect on the concentration of Mg in
media at flower initiation or fruit formation.
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For Mg, at all three stages of development, maximum plant growth was
obtained by supplying the highest concentrations of fertilizer, which contained 48
mg/L Mg (Table 2.1 and Fig. 2.1). Therefore, the critical concentrations at all
three stages of development for Mg were at this level. At the 5-leaf stage the
critical concentration was determined to be 1200-1300 mg/kg, decreasing to
1100 mg/kg at flower initiation, and to 800 mg/kg at fruit formation (Table 2.6).

Discussion
When nutrients such as N are in short supply, depressions in growth can
occur thereby suppressing the overall crop yield (Mengel and Kirkby, 1979).
Increased N fertilization will promote vegetative growth. This trend in increased
growth was demonstrated here by the largest shoot biomass always occurring at
the highest level of fertilization, containing 200 mg N /L. However, plant growth
did not level off prior to the highest level of fertilization indicating that higher
concentrations of nutrients could have been beneficial as the maximum growth
attainable might not have been reached.
Nitrogen. Over the three sampling periods (5-leaf, flower initiation, and
fruit formation), the concentrations of N declined in leaves. As plants age, the N
that is absorbed and stored is diluted on a concentration basis by carbonaceous
dry matter as plant development progresses. This decline is attributed to the
relative increases in the proportion of lignin, cell walls, and starch in the dry
matter of tissues. Nitrogen concentration in the tissues increased linearly with
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increasing levels of fertilization, indicating that the higher levels of fertilization
were beneficial to the plant’s N nutrition.
As nutrient availability increases, nutrient accumulation in plants increases
(Kirkby and Mengel, 1979).
The concentration of N in the media at all three stages of development
increased linearly as the level of fertilization increased. The N concentrations in
the media were highest at the 5-leaf stage and at fruit formation. At the 5-leaf
stage, the amount of N supplied was sufficient, if not excessive, at the higher N
levels, leading to N accumulation in the media. At fruit formation the demands
for N from the media appeared to diminish, as indicated by the accumulation of N
in the media, and the plant used accumulated N in tissues for fruit development.
The demand for N within the plant appeared greatest at flower initiation, resulting
in the lowest N concentration in the media among the three harvest dates,
suggesting that an increase in N fertilization at flower initiation could have been
beneficial.
Phosphorus. Over all three growth stages the concentrations of P in
tissues decreased as plant development progressed. However, P concentration
in tissues increased linearly as the level of fertilization increased, with the largest
effects of increasing levels of fertilization occurring at the 5-leaf stage. Plants
have a high demand for P at a very early stage of development (Mengel and
Kirkby, 1979; Mills and Jones, 1996).
The P concentration in the media increased linearly as the level of
fertilization increased, and the concentration of P in the media decreased as
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plant development progressed indicating that the plants were continuing to
absorb P. The concentration of P in the media was lowest at fruit formation due
to the increased demand by the large shoot biomass.
Potassium. The K concentration in the leaf tissues was greatest during
the vegetative growth stage and declined as plant maturity progressed. The
concentration of K in plant tissue peaked at flower initiation and was lowest at
fruit formation. This trend has been reported frequently (Mengel and Kirkby,
1979; Marschner, 1995). As the data suggests, the dominant factor influencing K
concentration in leaves was the plant development stage rather than the
concentration of K supplied.
The concentrations for K in the media decreased as plant growth
progressed. Potassium in the media was lowest at flower initiation and at fruit
formation indicating that the K supply was depleted and not enough K was
supplied at those stages.
Calcium. The concentration of Ca in tissues declined as plant growth
progressed. The lowest concentration of Ca occurred at fruit formation. Marti
and Mills (1991) reported that fruit development might influence the Ca
concentration in leaves by affecting Ca absorption. At the onset of fruiting Ca
uptake increases significantly (Marti and Mills, 1991, Mengel and Kirkby, 1979).
The level of fertilization had little effect on the concentration of Ca in leaves.
Total Ca accumulation in tissues increased as plant growth progressed and
increased as the level of fertilization increased. These increases can be
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attributed to the increase in shoot biomass with increased fertilization levels and

time.
The concentrations of Ca in the media decreased as plant growth
progressed suggesting an increase in Ca demand by the larger plants. However,
the amount of Ca required for optimum plant growth at all three stages was
probably met with the second level of fertilization due to the fact that after the
second level of fertilization the concentration of Ca in the medium increased
linearly as the fertilization level increased.
Magnesium. The concentrations for Mg in plant tissues decreased as
plant maturity progressed, however the levels of fertilization had little effect on
the concentration of Mg in the leaves. Therefore, the dominant factor influencing
the concentration of Mg in leaves was the stage of plant development. The
accumulation index of Mg in tissues peaked at flower initiation and declined by
fruit formation. Generally, the accumulation of Mg increases as ontogeny
progresses (Mengel and Kirkby, 1979). The fact that the accumulation of Mg
decreased in plant tissues indicates that an increase in the level of Mg
fertilization at fruit formation is required. Magnesium concentrations in the media
were sufficient at the 5-leaf stage, as suggested by the fact that Mg accumulated
in the media at this stage. At flower initiation and fruit formation, however, the
concentration of Mg in the media did not increase or accumulate as the level of
fertilization increased. In fact, the level of fertilization had little effect on the
concentration of Mg at these two stages of growth thereby indicating that a
higher concentration of Mg would have been beneficial at the latter two stages of
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development. Nevertheless, the optimum concentration of Mg in the media
ranged from 1300 mg/kg at the 5-leaf stage, to 1100 mg/kg at flower initiation,
and to 800 mg/kg at fruit formation.
The goals of this research v/ere to determine nutrient concentrations in
fertilizers which allow maximum plant growth, to determine optimum nutrient
concentrations in plant tissues and media at maximum plant growth, to compare
plant and media analysis; and to determine the best sampling time for analysis.
The optimum concentrations of nutrients in plant tissues and in media were
based upon concentrations of nutrients at maximum plant growth indicated by
plant and media analysis. The highest level of fertilization permitted maximum
plant growth.
Media analysis was a sufficient test to determine the nutrient status of
plants. This determination v/as based on the conclusions that either plant or
media analysis supplied the same basic information; however, the media
analysts is a much more convenient test to perform thereby making it the
recommended method of analysis. The plant analysis procedure requires that the
tissues be dried and ashed. After the tissues are ashed they are then dissolved
in an acid solution; from this solution P, K, Ca and Mg can be analyzed. Analysis
for total N in the plant tissue requires a separate procedure. The method for
media analysis involves only one simple extraction procedure from which all of
the nutrients fN

P.

K Ca. and Mg) can be analyzed thereby making it the

recommended analysis.
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Plant and media analysis were studied at three stages of plant
development (5-leaf, flower initiation, fruit formation) to determine the best
sampling time. Based on the results of the plant and media analysis, flower
initiation was determined to be the best sampling period. This determination was
based on the data which suggested that the variable growth of the plants at the
5-leaf stage made recommendations difficult based upon the analyses, and at
fruit formation, any adjustments to nutrient regimes could be ineffective due to
the progressed stage of development.
Based on these results the next experiment was conducted to sample only
at flower initiation and to increase the fertilization rates to determine if maximum
growth was achieved with the fertilization regime followed in this experiment.
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Table 2.1 Elemental Compositions of Fertilizer Levels

Fertilizer Level

Nutrient (mg liter'1)

Nitrogen

Phosphorus

Potassium

Calcium

Magnesium

1

0

0

0

0

0

2

50

11

40

50

12

3

100

22

80

100

24

4

150

33

120

150

36

5

200

44

160

200

48
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Table 2.2 Results of ANOVA, Regression, and Separation of Means for Plant
Tissue Analysis for Nutrient Concentrations

Main Effect

Nutrient Concentrations and Trends

N

P

K

Ca

Mg

nutrient concentration, g/kg leaves,
dry mass basis

Harvest
HI
H2
H3

**

33a
31 b
24 c

**

**

ns
4.5a
3.0a
2.4a

68 a
69 a
43 b

28a
26a
18b

15a
14 a
9b

Trends

Fertilizer
Level

linear **

linear **

ns

ns

ns

HxT
T:H1
T:H2
T:H3

**

**

**

linear **
linear **
ns

linear *
ns
ns

quadratic *
ns
ns

ns
linear*
ns
ns

ns
ns
ns
ns

Graphics

Fig. 2.2

Fig. 2.4

Fig. 2.6

Fig. 2.8

Fig. 2.10

*Significance of P< 0.05
^Significance of P< 0.01
For Harvests, mean separation in columns by Duncan’s multiple range test,
(P< 0.05).
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Table 2.3 Results of ANOVA, Regression, and Separation of Means for Nutrient
Accumulation Index

Main Effect

Nutrient Accumulation Index and Trends

N

P

K

Ca

Mg

accumulation Index, g/plant

Harvest
HI
H2
H3

**

**

**

*

0.21 b
0.44 a
0.46 a

0.05 b
0.09 a
0.09 a

0.41 b
0.96 a
0.85 a

0.19 b
0.38 a
0.37 a

0.10 c
0.21 a
0.17 b

Trends

linear **

linear **

linear **

linear **

linear **

**

*

**

T:H1

linear **

linear **

ns

ns
linear**

ns
ns

T:H2

linear **

T:H3

linear **

linear **
linear **

linear**
linear **

linear**
linear**

linear**
linear**

Fig. 2.3

Fig. 2.5

Fig. 2.7

Fig. 2.9

Fig. 2.11

Fertilizer
Level
HxT

Graphics

*Significance of P< 0.05
^Significance of P< 0.01
For harvests, mean separation in columns by Duncan’s multiple range test,
(P< 0.05).
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Table 2.4 Critical Nutrient Concentration, g/kg in Plant Tissue, at the 5-Leaf
Stage, Flower Initiation, and Fruit Formation

Nutrient

N
P
K
Ca
Mg

Critical Nutrient Concentration in
Plant Leaves, g/kg

5-Leaf Stage

Flower Initiation

Fruit Formation

40
10
65
35
16-20

35
10
70
35
20

25
4
40-45
18-20
10
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Table 2.5 Results of ANOVA, Regression, and Separation of Means for Media
Analysis

Main Effect

Nutrient Concentrations and Trends

N03-N

P

K

Ca

Mg

nutrient concentrations, mg/kg media,
dry mass basis

Harvest
HI
H2
H3

*

**

*

36 ab
16 b
62 a

35 a
29 ab
24 b

★

375 a
292 b
278 b

ns
2520a
2343a
1993a

1067 a
868 b
851 b

Trends

Fertilizer
Level

linear **

linear **

ns

linear **

ns

HxT

ns
linear**
ns
ns

ns
linear**
linear**
ns

ns
linear*
ns
ns

ns
linear**
linear**
linear**

**

cubic **
ns
ns

Fig. 2.12

Fig. 2.13

Fig. 2.14

Fig. 2.15

Fig. 2.16

T:H1
T:H2
T:H3
Graphics

*Significance of P< 0.05
^Significance of P< 0.01
For harvests, mean separation in columns by Duncan’s multiple range test,
(P< 0.05).
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Table 2.6 Critical Nutrient Concentration, mg/kg in Media, at the 5-Leaf Stage,
Flower Initiation, and Fruit Formation.

Nutrient

N
P
K
Ca
Mg

Critical Nutrient Concentration in
Media, mg/kg

5-Leaf Stage

Flower Initiation

Fruit Formation

60
50
400
2600-3000
1200-1300

30
30
300
2600
1100

90
20
270
1800-2300
800
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Figure 2.1 Shoot Fresh Biomass per Plant (Fresh Weight) as a Function of
Fertilizer Level and Plant Development Stage (see Table 2.1 for Fertilizer Level)
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—•— 5-Leaf Stage

Figure 2.2 Nitrogen Concentration in Leaves ( Dry Weight) as a Function of
Fertilizer Level and Plant Development Stage (see Table 2.1 for Fertilizer Level)

Fertilizer Level
Figure 2.3 Index of Nitrogen Accumulation in Plant Shoots as a
Function of Fertilizer Level (see Table 2.1 for Fertilizer Level).
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Fertilizer Level
Figure 2.4 Phosphorus Concentration in Leaves (Dry Weight) as a Function
of Fertilizer Level and Plant Development Stage (see Table 2.1 for Fertilizer Level).

0.18

Figure 2.5 Index of Phosphorus Accumulation in Plant Shoots as a
Function of Fertilizer Level (see Table 2.1 for Fertilizer Level).
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Figure 2.6 Potassium Concentration in Leaves ( Dry Weight) as a Function of
Fertilizer Level and Plant Development Stage (see Table 2.1 for Fertilize Level).

Figure 2.7 Index of Potassium Accumulation in Plant Shoots as a
Function of Fertilizer Level (see Table 2.1 for Fertilizer Level).
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Figure 2.8 Calcium Concentration in Leaves ( Dry Weight) as a Function of
Fertilizer Level and Plant Development Stage (see Table 2.1 for Fertilizer Level).
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Fertilizer Level
Figure 2.9 Index of Calcium Accumulation in Plant Shoots as a
Function of Fertilizer Level (see Table 2.1 for Fertilizer Level).
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Figure 2.10 Magnesium Concentration in Leaves ( Dry Weight) as a Function of
Fertilizer Level and Plant Development Stage (see Table 2.1 for Fertilizer Level).
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5

Fertilizer Level
Figure 2.11 Index of Magnesium Accumulation in Plant Shoots as a
Function of Fertilizer Level (see Table 2.1 for Fertilizer Level).
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o>

Figure 2.12 Nitrate Concentration in Medium as a Function of Fertilizer
Level and Plant Development Stage (see table 2.1 for Fertilizer Level)
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Fertilizer Level
Figure 2.13 Phosphorus Concentration in Medium as a Function of Fertilizer
Level and Plant Development Stage (see table 2.1 for Fertilizer Level).
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Figure 2.14 Potassium Concentration in Medium as a Function of Fertilizer
Level and Plant Development Stage (see table 2.1 for Fertilizer Level).

Fertilizer Level
Figure 2.15 Calcium Concentration in Medium as a Function of Fertilizer
Level and Plant Development Stage (see table 2.1 for Fertilizer Level).
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Mg Concentration (mg/kg)

Fertilizer Level
Figure 2.16 Magnesium Concentration in Medium as a Function of Fertilizer
Level and Plant Development Stage (see table 2.1 for Fertilizer Level).
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CHAPTER III

COMPARISONS OF NUTRITIONAL REGIMES OF MEDIA WITH ORGANIC
BASES OF PEAT, COMPOST, OR COIR BY PLANT AND MEDIA ANALYSIS

Abstract
For maximum plant growth in containers, adequate plant nutrition is
essential. Objectives of this research were to compare nutritional regimes of
tomatoes (Lycopersicon esculentum Mill.) in soilless media by plant and media
analysis. Tomato seedlings (‘Heinz 1437’) were transplanted (one plant per pot)
into 2-liter pots filled with one of four media: peat, compost made with or without
an enzymatic activator (Natural Chemistry, Stamford, Ct.), or coir. The medium
was fertilized with a progressive array of water-soluble fertilizers to supply N at
100, 150, 200, and 250 mg/L of solution with accompanying proportional
increases of other macronutrients with each increase in N ( P at 22, 33, 44, or 55;
K at 80, 120, 160, or 200; Ca at 100, 150, 200, or 250; and Mg at 24, 36, 48, or
60 mg/L). The plants were irrigated starting with 100 mL per day and increasing
to 200 mL at approximately flower inititaion. The plants were harvested at flower
initiation for analysis of growth and composition of leaves. Samples of media for
nutrient analysis were taken at the same time as for analysis of plant
composition. Plant biomass peaked at the third level of fertilization (the regime
with 200 mg N/L) and decreased at the fourth level of fertilization (the regime with
250 mg N /L). In general, the mean concentrations of N, P, and K in leaves were
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highest in plants grown in the treated compost (compost made with an activator)
except for the concentration of Mg and Ca which were lowest in the treated
compost. In general the concentrations of N, P, K, and Ca were lowest in plants
grown in peat or coir, but the concentration of Mg was highest in plants grown in
peat due to the addition of a high-magnesium limestone in this medium. The
level of fertilization had no significant effects on the concentration of P, K, Ca,
and Mg in leaves, but the concentration of N increased linearly as the level of
fertilization increased. The critical concentrations of nutrients in the different
media and in the leaves were determined at the 200 mg N/L fertilization, which
produced maximum biomass. The critical concentrations of nutrients in leaves
(g/kg) grown were 22 total N, 5 P, 38 K, 18 Ca, and 7 Mg in peat; 26 total N, 7 P,
64 k, 33 Ca, and 4 Mg in untreated compost; 27 total N, 7 P, 72 k, 22 Ca, and 4
Mg in treated compost; 21 total N, 5 P, 50 K, 16 Ca, and 5 Mg in coir. The critical
concentration of nutrients in media (mg/kg) were 12 N03-N, 32 P, 166 K, 2215
Ca, and 762 Mg in peat; 120 N03-N, 318 P, 3102 K, 14916 Ca, and 872 Mg in
untreated compost; 89 N03-N, 462 P, 3433 K, 14221 Ca, and 895 Mg in treated
compost; 11 N03-N, 28 P, 555 K, 441 Ca, and 194 Mg in coir.

Introduction
Peat-based media have been recommended for soilless culture of many
plant species (Norrie et al., 1994). The concern over depleting the North
American peat reserves has raised issues on finding an alternative to peat in
soilless media. Whether the medium can offer a supply of nutrients without
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fertilization is important in formulating nutritional regimes (Elliott et al., 1994).
Also, the alternative should have similar or have superior physical characteristics
relative to those of peat (Beeson, 1996; Bugbee and Frink, 1989; Meerow, 1995;
Prasad, 1997).
The first experiment (Chapter II) dealt with determining a fertilizer regime
that resulted in optimum plant growth based on plant and media analyses in peat.
In this experiment, coir and food-and-leaf-based compost were examined as
alternatives to the commonly used peat-based media. Nutritional regimes with
varying amounts of N, P, K, Ca, and Mg also were established for the three
media used in this experiment.
Coconut coir dust has many characteristics similar to those of peat
(Stamps and Evans, 1997). Studies have shown that with increasing
proportions of coconut coir dust the bulk density of media decreased and that the
water-holding capacity increased (Erwiyono et al., 1990; Evans and Stamps,
1996; Handreck, 1993). Plants that were grown in coir-based media had greater
shoot weights and heights than those grown in a peat-based medium (Evans and
Stamps, 1996; Stamps and Evans, 1997).
The use of composted wastes as bases for container media is growing
(Burroni et al., 1994). Plant yields have increased in plants grown in compostbased media relative to those grown in peat (Keeling et al., 1994). Hartz et al.
(1996) demonstrated that the growth of tomatoes in a compost-based media was
superior to those grown in a peat-based medium (Roe et al., 1997; Bugbee and
Frink, 1989). The use of composted waste is an inexpensive alternative to the
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use of peat as an organic amendment in a growing medium and also alleviates
some concerns over waste disposal (Burroni et al., 1994). The biggest problem
with using composts as a peat alternative is that most composts are not
homogeneous (Hartz et al., 1996; Roe et al., 1997)
In this experiment, three media (coir, untreated compost, treated compost)
were evaluated as alternatives to peat.

Materials and Methods
Experimental Design
Tomato seeds (Lycopersicon esculentum Mill. ‘Heinz 1437 VF’) were
seeded in a peat-based medium (Sungro Horticulture, Bellevue, Wash.). The
tomato seedlings were transplanted (1 plant per pot) into half-gallon pots (2-liter)
using each of the four media: coir, peat-based medium (Sungro Horticulture,
Bellevue, Wa.), or compost treated with enzymes during composting (Quicker
Compost, Natural Chemistry Inc., Stamford, CT.) and untreated compost. No
fertilizers were added to the basic media before the experiment was started
except the peat-based medium was amended with dolomitic limestone (1.3 to 6.5
% Mg) (Barber, 1984). Neither the coir nor the composts were mixed with other
components.
The coir was purchased in bricks and required leaching before use. The
bricks were placed in water and allowed to expand before the medium was
transferred to the pots. Each pot was leached by saturating each pot and
allowing two hours for the water to drain to ensure the removal of salts that may
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have been present. The pots were then allowed to sit for 5 hours, and the entire
leaching procedure was repeated four times.
The compost, treated or untreated, consisted of a 1:1 volumetric mix of
food waste (vegetables) and tree leaves composted with twice weekly turning for
75 days and stored under cover until used. The compost was sifted through a
half-inch (1- cm) screen to obtain uniformity in the size of particles.
The plants were fertilized in a progressive array with a soluble fertilizer
(Peters Peat Lite Special 20-10-20, Fogelsville, Pa., (appendix A)) at four
nitrogen concentrations. The fertilizer regime was 100, 150, 200, and 250 mg N/
liter. To these solutions, calcium chloride was added in a progressive array with
Ca at 100, 150, 200, and 250 mg/ liter. Magnesium sulfate was added to the
nutrient solutions with the concentrations of Mg at 24, 36, 48, and 60 mg/liter.
The plants were irrigated once a day with 100 mL of the fertilizer solution.
Additional water was supplied as needed to irrigate the plants. The experimental
design was a randomized complete block with four replications. The plants were
sampled at flower initiation. It was determined in preliminary results from
Experiment 1 (Chapter II) that harvesting plants at flower initiation was an optimal
sampling time. At the time of harvest fresh weights and SPAD colorimetric
readings (Minolta, Osaka, Japan) were recorded. After harvesting, healthy leaves
from all sections of each plant were combined to represent a sample of that
plant. These samples were dried in an oven at 70 °C for 48 hours. After drying,
the tissues were ground through a 30-mesh screen. The plant tissues were
analyzed for total N, P, K, Ca, and Mg. The media were extracted with a
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universal extracting solution, Morgan’s solution (Lunt et al., 1958), and tested for
N-N03, P, K, Ca, and Mg. The tissue and media analyses and data processing
followed the procedures outlined in experiment 1 (Chapter II).

Results

Plant Tissue Results
Plant Growth. The fresh shoot weights were significantly higher in the
treated (141 g) or untreated (132 g) composts than in the peat (127 g) or coir
(130 g) (Table 3.3). Fresh weights, means of all four media, followed a quadratic
trend as the level of fertilization increased ranging from 100 g at level 1 to 129 g
at level 2 and 154 g at level 3 but decreasing to 147 at level 4 (Table 3.3 and Fig.
3.2). In all four media, the largest shoot biomass occurred at the third level of
fertilization (Table 3.1 and Fig. 3.1). The fresh weights of the plants in all four
media followed a quadratic trend as the level of fertilization increased at level 3
and falling at level 4.
Nitrogen. Nitrogen concentrations in leaves were significantly different
among the four media. The N concentrations in leaves from the plants grown in
the treated or untreated composts were significantly higher than those grown in
peat or coir (Table 3.3 and Fig. 3.3). Nitrogen concentrations in leaves, means of
all four media and within individual media, increased linearly as the level of
fertilization increased, ranging from 19.2 g/kg at level 1 to 26.5 g/kg at level 5
(Table 3.3 and Fig. 3.4).
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The accumulation index of N in tissues was significantly different among
all four media. The highest accumulation index of N in tissues occurred in the
plants grown in the treated compost (0.36 g), decreasing to 0.32 g in the plants
grown in the untreated compost, to 0.29 g in plants grown in the peat, and to 0.26
g in plants grown in the coir (Table 3.4). The accumulation index of N in tissues
increased linearly, means of all four media and within individual media, as the
level of fertilization increased, ranging from 0.19 g at level 1 to 0.39 g at level 4
(Table 3.4 and Fig. 3.5).
Phosphorus. The concentration of P in leaves was significantly higher in
the treated compost than in the other media (Table 3.3, Fig. 3.6). The
concentration of P in leaves of the plants grown in the treated compost
decreased linearly as the level of fertilization increased ranging from 7.6 g/kg at
level 1 to 5.1 g/kg at level 4. In plants grown in coir, the concentration of P in
leaves increased linearly as the level of fertilization increased ranging from 3.5
g/kg at level 1 to 5.3 g/kg at level 4 (Table 3.3 and Fig. 3.7). No significant
differences in P concentration in leaves were determined as the level of
fertilization increased for plants grown in the untreated compost or peat
treatments.
Mean P accumulation indices in tissues were highest in the plants grown
in the treated compost, 0.108 g, than in the other composts, which averaged
0.070 g P per plant. Accumulations indices of P in tissues followed a quadratic
trend as the level of fertilization increased rising from 0.061 g at level 1, to a peak
of 0.091 g at level 3, and decreasing to 0.084 g at level 4 (Table 3.4, Fig. 3.8).
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The interaction of media and fertilization was significant. The accumulation index
of P in tissues from plants grown in the peat or coir media increased linearly as
the level of fertilization increased (Table 3.4, Fig. 3.8); whereas the accumulation
index of P in tissues in the plants grown in the untreated compost, followed a
quadratic trend increasing from 0.09 g at level 1 to 0.10 g at level 3 then
decreasing to 0.07 g at level 4 (Table 3.4 and Fig. 3.8).
Potassium. The mean concentration of K in leaves was highest in the
treated compost, 68 g/kg, than in the other media, all of which differed from one
another (Table 3.3, Fig. 3.9). The level of fertilization had no significant effect on
the mean concentration of K in leaves, which was 53 g/kg (Table 3.3 and Fig.
3.10).
Significant differences in K accumulation index in tissues were determined
among all four media. The mean accumulation index of K was higher in the
plants grown in the treated compost, 0.96 g, than in the other media, all of which
differed in Ca content (Table 3.4). The accumulation index of K in tissues as a
function of fertilization followed a quadratic trend increasing from 0.48 g at level 1
to a peak of 0.86 g at level 3 and decreasing to 0.81 g at level 4 (Table 3.4 and
Fig. 3.11).
Calcium. The mean Ca concentration in leaves was significantly higher in
plants grown in the untreated compost, 23.4 g/kg, than in the other media, which
averaged 19 g/kg (Table 3.3, Fig.3.12). The concentration of Ca did not follow a
significant trend as the level of fertilization increased over all four media, but it did
increase slightly from level 1, 17.1 g/kg, to level 3, 22.4 g/kg, and then decreased
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at level four, 21.04 g/kg. The same result was apparent in the individual media,
except in coir in which Ca seemed to increase in leaves as the Ca level
increased in the solution (Fig. 3.13).
The mean Ca accumulation index was significantly higher in the plants
grown in the composts, 0.31 g, than in coir or peat, which did not differ in Ca,
accumulation and which averaged 0.23 g Ca per plant (Table 3.4). The
accumulation index of Ca, means of all four media, followed a quadratic trend
increasing from 0.17 g at level 1 to a peak of 0.34 g at level 3 and decreasing to
0.31 g at level 4 (Table 3.4, Fig. 3.14).
Magnesium. The mean Mg concentration in leaves was significantly
higher in the plants grown in peat than in the other media (Table 3.3 and Fig.
3.15). The mean concentrations of Mg in coir, 4.5 g/kg, or the treated compost,
4.3 g/kg, were significantly higher than that of the untreated compost, 3.7 g/kg.
The level of fertilization had no significant effect on the overall mean
concentration of Mg in the leaves, which was 4.8 g/kg (Table 3.3, Fig. 3.16).
However, the concentration of Mg in leaves of plants grown in the treated
compost increased linearly as the level of fertilization increased, ranging from 3.6
g/kg at level 1 to 5.0 g/kg at level 4 (Table 3.3, Fig. 3.16). Treatment levels did
not have a significant effect on the concentration of Mg in leaves in any of the
other three media.
The mean accumulation index of Mg in tissues was highest in peat, 0.085
g, than in the other media, which did not vary and averaged 0.06 g accumulation
(Table 3.4 and Fig. 3.17). The accumulation index of Mg in tissues followed a
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quadratic trend as the level of fertilization increased ranging from 0.04 g at level
1, 0.06 g to a peak of 0.08 g at level 3, and decreasing to 0.07 g at level 4 (Table
3.4, Fig. 3.17).

The accumulation index of Mg in plants grown in peat or

untreated compost also followed a similar quadratic trend as the level of
fertilization increased (Table 3.4 and Fig. 3.17).

The accumulation index of Mg

in tissues increased linearly as the level of fertilization increased with the
untreated compost or coir (Table 3.4 and Fig. 3.17).

Media Results
Nitrogen. Significant differences of mean NO3-N concentrations occurred
among the four media (Table 3.6 and Fig.3.18). The mean NO3-N
concentration was significantly higher in the composts, which averaged 125 mg
N/ kg than in the peat or coir, which averaged 14 mg/kg (Table 3.6 and Fig.3.18).
Overall, NO3-N concentrations followed no significant trend as the level of
fertilization increased but ranged from a mean of 57 mg/kg at level 1 to 85 mg/kg
at level 4 (Table 3.6 and Fig. 3.19). However, the interaction was significant.
The NO3-N concentration in the untreated compost increased linearly as the
level of fertilization increased with no trend occurring with the other treatments
(Table 3.4 and Fig. 3.19).
Phosphorus. Significant differences occurred among the mean
extractable P concentrations in the four media (Table 3.6 and Fig. 3.20). The
mean P concentration was significantly higher in the treated compost (435
mg/kg) than in the untreated compost (277 mg/kg) or peat and coir which ( mean
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of 28 mg/kg) (Table 3.6 and Fig. 3.20). The average extractable P concentration
increased linearly as the level of fertilization increased ranging from 159 mg/kg at
level 1 to 217 mg/kg at level 4. The interaction between the media and
fertilization level was also significant for the composts. The extractable P
concentrations in the untreated compost increased linearly as fertilization
increased, ranging from 213 mg/kg at level 1 to 338 mg/kg at level 4 (Table 3.6
and Fig. 3.21). The P concentrations in the treated compost increased linearly
as the level of fertilization increased ranging from 374 mg/kg at level 1, to 463
mg/kg at level 4 (Table 3.6 and Fig. 3.21).
Potassium. Mean extractable K concentrations were significantly different
among the four media (Table 3.6 and Fig. 3.22). The mean extractable K
concentrations in the treated compost (3462 mg/kg) and the untreated compost
(2966 mg/kg) were significantly higher than that of coir (730 mg/kg) or peat (158
mg/kg) (Table 3.6 and Fig. 3.22). The level of fertilization had no significant
effect on the mean K concentration over all four media or within individual media.
(Table 3.6 and Fig. 2.23).
Calcium. Mean extractable calcium concentrations were significantly
different among the four media (Table 3.6 and Fig. 3.24). The mean extractable
Ca concentrations in the treated and untreated composts ( mean of 12,248
mg/kg) did not differ and were higher than the Ca concentrations in the peat or
coir (mean of 1410 mg/kg) (Table 3.6 and Fig. 3.24). The level of fertilization
had no significant effect on the mean Ca concentration over all four media or
within individual media (Table 3.6 and Fig. 3.25).
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Magnesium. Mean extractable Mg concentrations were significantly
different among the four media. The mean Mg concentration of 781 mg/kg in
peat and untreated and treated composts was significantly higher than the 183
mg/kg Mg concentration in coir (Table 3.6 and Fig. 3.26). The mean Mg
concentration in media, over all four media, increased linearly with increased
fertilization with this trend being imparted by increases in the composts (Table
3.6 and Fig. 3.27).
pH and Electrical Conductivity. The acidity (Table 3.8) of media differed
with the highest pH occurring in the peat based medium (pH 6.3) and with the
other media not varying ( pH 4.9). Fertilizer treatments did not affect pH (Table
3.9). Electrical conductivity differed among media, with the composts not
differing and having a mean EC of 1.84 dS/m and the peat and coir also not
differing and having a mean EC of 0.23 dS/m.

Discussion
Plant fresh weights peaked at the third level of fertilization, 200 mg N/L,
indicating that optimum nutrient concentrations were supplied at this level of
fertilization. The largest shoot biomasses occurred with the plants grown in the
treated or untreated compost. The increased fresh weights of the plants grown in
the composts can be attributed to the fact that the composted media provide a
supply of nutrients due to their natural composition (Appendix, B). The plants
grown in the treated composts had slightly higher fresh shoot weights than those
grown in the untreated composts. However, the analyses did not reveal that the
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treated compost had higher macronutrient availability than that of the untreated
compost. Perhaps, the higher biomass production in the treated composts
caused extraction of nutrients so that the final concentrations in the media were
equalized. The fresh shoot biomass of the plants grown in peat or coir were
significantly less due to the fact that these media do not offer any nutrients other
than the nutrients supplied by fertilizer additions. Generally, the extractable
nutrients were higher in the composts than in the peat or coir, except for Mg in
the peat.
The critical nutrient concentrations in plant tissues and in the different
media were determined at the third level of fertilization, which supplied 200 mg N/
L and produced the maximum growth of shoot biomass. The critical nutrient
concentrations in tissues for N, P, K, and Ca were highest in the plants grown in
the untreated or treated compost. The lowest critical nutrient concentrations for
N, P, K, and Ca were in the tissues of plants grown in the peat or coir. The
highest critical concentrations for Mg in tissues were in the plants grown in peat
and coir; the lowest critical concentrations for Mg were in the tissues of plants
grown in the treated and untreated compost.
The accumulation of nutrients in plants was related to the availability of
nutrients in the media. The concentrations of N, P, K, and Ca in leaves were
highest in the plants grown in the composts than those grown in peat or coir, but
the concentration of Mg was highest in the peat or coir. The concentrations of N,
P, and K were slightly higher in the leaves of plants grown in the treated compost
than in the leaves of plants grown in the untreated compost. These results
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suggest that the treated composts had more available macronutrients, although
the final concentrations failed to reveal this fact. Also, the accumulations indices
of N, P, and K were significantly higher in plants grown in the treated compost
than in those grown in the untreated compost again suggesting high nutrient
availability in the treated compost. The higher accumulation indices of N, P, and
K in the plants grown in the treated compost can be attributed to the increased
fresh shoot biomass. The concentration of Ca in leaves was slightly higher in the
plants grown in the untreated compost, which apparently had the highest
extractable Ca. The concentration of Mg in leaves was highest in the peat-based
medium than any of the other three media. This result is due to the fact that the
peat-based medium had dolomitic limestone, which contains 1.3 to 6. 5 % Mg,
added by the manufacturer of the medium (Barber, 1984). The total
accumulation indices of Mg in tissues was also highest in plants grown in the
peat-based medium. The plants grown in the peat-based medium had a smaller
shoot biomass than those grown in the composted media.
The highest nutrient concentrations of N03-N, P, K, Ca, and Mg were in
the composted media. The concentration of Mg extracted from the peat-based
medium was equivalent to that from the composts. The concentration of Mg in
the peat-based media was about seven times higher than the concentration in
the coir media. In general, the concentrations of N03-N, P, Ca and Mg were
higher in the peat media than in coir. These differences for Ca and Mg can be
attributed to the higher cation exchange capacity in the peat media than in the
coir (Handreck, 1993; Stamps and Evans, 1997a). The K concentrations in the
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media and in the plant tissues were higher in coir than in peat. Handreck (1993),
also reported significantly higher levels of K in coir-based media than in peatbased media. Husks are K rich and are not subjected to leaching as peat. Most
coconut plantations are fertilized with KCI (Evans and Konduru, 1996).
Jeganathan (1992) also showed that the highest uptake and storage of K
occurred in the coconut husk, which is the component of coir dust media.
The highest mean pH and EC were in the two-composted media. This
fact is due to the mineralization of the composts which releases soluble salts.
Research has shown that high soluble salt levels ( > 2.0 dS/m) can have adverse
effects on plant growth (Mills et al., 1991; Cisar et al., 1992; O’Brien et al., 1996;
Richards, 1954). Research has also shown that the form and concentration of N
applied to the medium can greatly affect the salinity level through the specific
toxicity of ammonium (Cisar et al., 1992; O’Brien et al., 1996; 1997). The
composts in this experiment contained EC levels of 1.84 dS/m which did not
cause adverse effects on growth.
As in the previous experiment, optimum plant growth with all media was
supplied with 200 mg N/ L. From this experiment it was concluded that the
composts or coir are suitable if not superior substitutes for peat. Plant fresh
weights and nutrient concentrations in tissues were higher in the plants grown in
the two composts with slightly higher weights in the plants grown in the treated
compost. This advantage can be attributed to the higher concentrations of
macronutrients found in the treated compost. Also, coir was found to be a
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suitable substitute for peat with most of the trends of plant growth in peat and coir
mirroring each other.
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Table 3.1 Elemental Compositions of Fertilizer Levels

Fertilizer Level

Nutrient (mg liter 1 >
Nitrogen

Phosphorus

Potassium

Calcium

Magnesium

1

100

22

80

100

24

2

150

33

120

150

36

3

200

44

160

200

48

4

250

55

200

250

60
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Table 3.2 Media Components

Media Components

M 1

Peat

M2

Compost, Untreated

M3

Compost, Treated

M4

Coir
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Table 3.3 Results of ANOVA, Regression, and Separation of Means for Plant
Tissue Analysis for Nutrient Concentrations

Main Effect

Nutrient Concentrations and Trends

N

P

K

Ca

Mg

nutrient concentrations, g/kg leaves,
dry mass basis

Media

**

**

**

M 1
M2
M3
M4

22 b
24 ab
25 a
20 c

4.4 c
6.7 b
7.7 a
4.6 c

37 d
57 b
68 a
52 c

Graphics

Fig. 3.3

Fig. 3.6

Fig. 3.9

*
17b
23.4 a
21.5 ab
17.6 b

**
6.7
3.7
4.3
4.5

a
c
be
b

Fig. 3.12

Fig. 3.15

Trends

Fertilizer
Level

Linear *

ns

ns

ns

ns

MxT

ns

*

ns

ns

*

T:M1
T:M2
T:M3
T:M4

Linear*
Linear**
Linear**
Linear**

ns
Linear **
ns
Linear **

ns
ns
Linear**
ns

ns
Quadratic*
ns
ns

ns
ns
Linear **
ns

Graphics

Fig. 3.4

Fig. 3.7

Fig. 3.10

Fig. 3.13

Fig. 3.16

‘Significance of P < 0.05
“Significance of P< 0.01
For media, mean separation in columns by Duncan’s multiple range test,
(P<c 0.05).
See Table 3.2 for media components and Table 3.1 for fertilizer compositions.
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Table 3.4 Results of ANOVA, Regression, and Separation of Means for Nutrient
Accumulation Index

Main Effect

Nutrient Accumulation Index and Trends

N

P

K

Ca

Mg

accumulation Index, g/plant

Media

**

**

*

*

*

M 1
M2
M3
M4

0.29c
0.32 b
0.36 a
0.26 d

0.06c
0.09 b
0.11a
0.06c

0.47d
0.76b
0.96a
0.67c

0.22b
0.31a
0.30a
0.24ab

0.09a
0.05b
0.06b
0.06b

Trends

Fertilizer
Level

Linear**

Quad**

Quad*

Quad*

Quad*

MxT

ns

*

ns

ns

*

T:M1
T:M2
T:M3
T:M4

Linear**
Linear**
Linear**
Linear**

Linear**
Quad**
ns
Linear**

Linear*
Quadratic*
Linear**
Linear**

ns
Quadratic*
ns
Linear**

Linear**
Quad**
Linear**
Linear**

Graphics

Fig. 3.5

Fig. 3.8

Fig. 3.11

Fig. 3.14

Fig. 3.17

*Significance of P < 0.05
^Significance of P< 0.01
For media, mean separation in columns by Duncan’s multiple range test,
(P< 0.05).
See Table 3.2 for media components and Table 3.1 for fertilizer compositions.
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Table 3.5 Critical Nutrient Concentration, g/kg in Plant Tissue, in Peat, Compost
Untreated, Compost Treated, and Coir

Nutrient

N
P
K
Ca
Mg

Critical Nutrient Concentration in
Plant Tissue, g/kg

Peat

Compost
Untreated

Compost
Treated

Coir

22
5
38
18
7

26
7
64
33
4

27
7
72
22
4

21
5
50
16
5
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Table 3.6 Results of ANOVA, Regression, and Separation of Means for Media
Analysis

Main Effect

Nutrient Concentration and Trends

NO3-N

P

K

Ca

Mg

nutrient concentration, mg/kg media,
dry mass basis

Media

**

**

**

*

**

M 1
M2
M3
M4

b
127a
123a
16b

29c
277b
435a
27c

158.0b
2966a
3462a
730b

2140b
11330a
13235a
685b

789a
782a
773a
183b

Graphics

Fig. 3.18

Fig. 3.20

Fig. 3.22

Fig. 3.24

Fig. 3.26

12

Trends

Fertilizer
Level

Cubic*

Linear**

ns

ns

Linear**

MxT

*

*

ns

ns

ns

T:M1
T:M2
T:M3
T:M4

ns
Linear**
ns
ns

ns
Linear**
Linear**
ns

ns
ns
ns
Linear*

ns
ns
ns
ns

Quadratic**
Linear**
Linear**
ns

Graphics

Fig. 3.19

Fig. 3.21

Fig. 3.23

Fig. 3.25

Fig. 3.27

‘Significance of P < 0.05
“Significance of P< 0.01
For media, mean separation in columns by Duncan’s multiple range test,
(P< 0.05).
See Table 3.2 for media components and Table 3.1 for fertilizer compositions.
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Table 3.7 Critical Nutrient Concentrations, mg/kg in Media, in Peat, Compost
Untreated, Compost Treated, and Coir

Nutrient

N
P
K
Ca
Mg

Critical Nutrient Concentration in
Media, mg/kg

Peat

Compost
Untreated

Compost
Treated

Coir

12
32
166
2215
762

120
318
3102
14916
872

89
462
3433
14221
895

11
28
555
441
194
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Table 3.8 Mean pH and EC Values as a Function of Media

Media

Mean pH

Mean EC, dS/m

Peat

6.3

0.28

Compost,
Untreated

4.9

1.94

Compost,
Treated

5.1

1.74

Coir

4.8

0.18

The media were extracted with a 1:1 w/v ratio of media to distilled water.
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Table 3.9 Mean pH and EC Values as a Function of Fertilizer Level

Fertilizer Level

Mean pH

Mean EC, dS/m

1

5.32

1.07

2

5.21

1.09

3

5.29

1.01

4

5.17

0.95

The media were extracted with a 1:1 w/v ratio of media to distilled water.
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c=3 Peat (1)
£225450 Compost Untreated (2)
ESSSS& Compost Treated (3)
tm&fasi Coir (4)
150
a
O)

140

£

130

D)

o

120

^

110

S

i°°

£

90

C

(0

80

s

70

®

60
50
12

3

4

Media
Figure 3.1 Mean Fresh Shoot Biomass per Plant Among Media
(mean separation by Duncan's multiple range test, P<0.06).

Figure 3.2 Shoot Fresh Biomass per Plant (Fresh Weight) as a Function
of Fertilizer Level and Medium (see Table 3.1 for Fertilzer).
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Peat(1)
gaagfl Compost Untreated (2)
SS53KS Compost Treated (3)
■hsbb Coir (4)

Mean N Concentration, g/kg

t-j

Media
Fig. 3.3 Mean Nitrogen Concentration in Leaves Among Media
(mean separation by Duncan's multiple range test, P<0.05)

Fertilizer Level
Figure 3.4 Nitrogen Concentration in Leaves (Dry Weight) as a Function
of Fertilizer Level and Medium (see Table 3.1 for Fertilizer).
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Nitrogen Accumulation,
Figure 3.5 Nitrogen Accumulation in Plant Shoots as a Function
of Fertilizer Level and Medium (see Table 3.1 for Fertilizer).

■.:...J

Peat (1)
wzem Compost Untreated (2)
rsssss Compost Treated (3)
hub Coir (4)

12

3

4

Media
Figure 3.6 Mean Phosphorus Concentration in Leaves Among Media
(mean separation by Duncan's multiple range test, P< 0.05)
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Fertilizer Level

P Accumulation

Figure 3.7 Phosphorus Concentration in Leaves (Dry Weight) as a Function
of Fertilizer Level and Medium (see Table 3.1 for Fertilizer).

Fertilizer Level
Figure 3.8 Phosphorus Accumulation in Plant Shoots as a Function
of Fertilizer Level and Medium (see Table 3.1 for Fertilizer).

88

Peat (1)
uzzm* Compost Untreated (2)
sssssss Compost Treated (3)
aama Coir (4)

Mean K Concnetration, g/kg

B.- j

Media
Fig. 3.9 Mean Potassium Concentration in Leaves Among Media
(mean separation by Duncan's multiple range test, P<0.05)

Fertilizer Level
Figure 3.10 Potassium Concentration in Leaves (Dry Weight) as a Function
of Fertilizer Level and Medium (see Table 3.1 for Fertilizer).
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Fertilizer Level
Figure 3.11 Potassium Accumulation in Plant Shoots as a Function
of Fertilizer Level and Medium (see Table 3.1 for Fertilizer).
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Fig. 3.12 Mean Calcium Concentration in Leaves Among Media
(mean separation by Duncan's multiple range test, P<0.05)
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Figure 3.13 Calcium Concentration in Leaves (Dry Weight) as a Function
of Fertilizer Level and Medium (see Table 3.1 for Fertilizer)

Figure 3.14 Calcium Accumulation in Plant Shoots as a Function
of Fertilizer Level and Medium (see Table 3.1 for Fertilizer)
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Fig. 3.15 Mean Magnesium Concentration in Leaves Among Media
(mean separation by Duncan's multiple range test, P<0.05)
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Figure 3.16 Magnesium Concentration in Leaves (Dry Weight) as a Function
of Fertilizer Level and Medium (see Table 3.1 for Fertilizer)
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Mg Accumulation, g
Figure 3.17 Magnesium Accumulation in Plant Shoots as a Function
of Fertilizer Level and Medium (see Table 3.1 for Fertilizer).
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Figure 3.18 Mean Nitrate Concentration in Media
(mean separation by Duncan's multiple range test, P <0.05)

Fertilizer Level
Figure 3.19 Nitrate Concentration in Media as a Function of
Fertilizer Level and Medium (see Table 3.1 for Fertilizer Level).
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Figure 3.20 Mean Phosphorus Concentration in Media
(mean separation by Duncan's multiple range test, P<0.05)
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Fiqure 3.21 Phosphorus Concentration in Media as a Function
of Fertilizer Level and Medium (see Table 3.1 for Fertilizer Level).
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Figure 3.22 Mean Potassium Concentration in Media
(mean separation by Duncan's multiple range test, P < 0.05)
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Figure 3.23 Potassium Concentration in Media as a Function
of Fertilizer Level and Medium (see Table 3.1 for Fertilizer Level).
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Figure 3.24 Mean Calcium Concentration in Media
(mean separation by Duncan's multiple range test, P<0.05)
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of Fertilizer Level and Medium (see Table 3.1 for Fertilizer Level).

97

Mean Mg Concentration, mg/kg

c=d Peat (1)
mam Compost Untreated (2)

esssss Compost Treated (3)

12

3

4

Media
Figure 3.26 Mean Magnesium Concentration in Media
(mean separation by Duncan's multiple range test, P <0.05)
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CHAPTER IV

COMPARISONS OF NUTRITIONAL REGIMES OF MEDIA WITH ORGANIC
BASES OF PEAT, COMPOST, OR COIR BY PLANT AND MEDIA ANALYSIS
AT ENHANCED LEVELS OF FERTILIZATION

Abstract
Objectives of this research were to compare nutritional regimes of
tomatoes (Lycopersicon esculentum, Mill.) grown in soilless media with different
organic bases of peat, compost, or coir by plant and media analysis. Tomato
seedlings (‘Heinz 1437’) were transplanted (one plant per pot) into 2-liter pots
filled with one of the four media: peat, compost made with or without an
activator, or coir. The medium was fertilized with a progressive array of soluble
fertilizer to supply N at 50, 150, 250, and 350 mg N/L of solution with
accompanying proportional increases of other macronutrients with each increase
in N (P at 11, 33, 55, 77 mg P/L; K at 40, 120, 200, 280 mg K/L).

Calcium

remained constant at 200 mg Ca/L along with Mg at 48 mg Mg/L. The plants
were irrigated starting with 100 mL per day and increasing to 200 mL as plant
growth progressed. The plants were harvested at flower initiation for analysis of
growth and composition. Samples of media for nutrient analysis were taken at
the same time as the plant samples for analysis of composition. Plant biomass
peaked at the third level of fertilization, 250 mg N/L for plants grown in the
treated compost or peat. Plant biomass peaked at the fourth level of fertilization,
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350 mg N/L for plants grown in the untreated compost or coir. In general, the
mean concentrations of N, P, K, and Ca were highest in the plants grown in the
treated (compost made with an activator) or untreated composts except for the
concentration of Mg in leaves, which was the highest in the plants grown in the
peat. Only slight differences occurred between the concentrations of the
nutrients in leaves of plants grown in the treated compost or untreated compost;
with slightly higher concentrations of N and K in the treated compost and slightly
higher concentrations of P, Ca, and Mg in the untreated compost. In general, the
lowest concentrations of nutrients in leaves occurred in the plants grown in either
the peat or coir, except the concentration of Mg, which was highest in the plants
grown in peat. The level of fertilization had no significant effects on the
concentrations of P, K, or Mg in leaves; but the concentrations of N in leaves
increased linearly as the level of fertilization increased, and the concentration of
Ca followed a quadratic trend as the level of fertilization increased. In general,
the concentrations of N, P, Ca, and Mg in media were highest in the untreated
compost; but the concentration of K was highest in the treated compost. In
general the concentrations of P, K, Ca, and Mg were lowest in the coir; but the
concentration of N was lowest in the peat. The level of fertilization had no
significant effects on the concentrations of nutrients in the media; but the
concentration of N03-N in the treated compost followed a quadratic trend,
decreasing as the level of fertilization increased. For plants grown in the treated
compost or peat maximum plant growth was obtained by supplying the third level
of fertilization, which contained 250 mg N/L; therefore, the critical concentrations

102

of nutrients in leaves (g/kg) were determined to be 17 N , 3.3 P, 28 K, 17 Ca, 5
Mg in peat;

21

N , 9 P, 48 K, 29 Ca,

6

Mg in treated compost. The critical

concentration of nutrients in media were (mg/kg) 5 NO3-N , 44 P. 303 K, 1656
Ca, and 635 Mg in peat; 50 NO3-N , 252 P, 400 K, 1876 Ca, and 723 Mg in
treated compost. For plants grown in the untreated compost or coir, maximum
plant growth was obtained by supplying the fourth level of fertilization, which
contained 350 mg N/L; therefore, the critical concentrations of nutrients in leaves
(g/kg) were determined to be 22 N,

8

P, 41 K, 29 Ca, and 7 Mg in untreated

compost; and 24 N, 5, P, 43 K, 21 Ca, and

6

Mg in coir. The critical

concentrations of nutrients in media (mg/kg) were 76 N03-N, 278 P, 348 K, 2374
Ca, and 839 Mg in untreated compost; 4 NO3-N, 30 P. 264 K, 506 Ca, and 236
Mg in coir.

Introduction
This experiment was designed to expand on the first two experiments.
The objective of this experiment was to assess the nutrient solution concentration
range that allowed optimum plant growth within each medium, by combining the
ranges used in experiments one and two.

Materials and Methods
Experiment Design
Tomatoes (Lycopersicon esculentum Mill. ‘Heinz 1439 VF’) were
transplanted (one plant per pot) into half-gallon pots (2-liters) using each of the
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four media: coir, peat (Sunshine Mix 2 Basic; Sungro Horticulture, Bellevue,
Wash.), compost treated with an enzyme (Quicker Compost, Natural Chemistry
Inc., Stamford, Ct.), and untreated compost. Neither the coir nor the composts
were mixed with other components
The coir was purchased in bricks and required leaching before use. The
bricks were placed in water and allowed to expand before the medium was
transferred to the pots. Saturating each pot and allowing it to drain leached the
coir; this action was repeated four times. The pots were then allowed to sit for 5
hours, and then the entire leaching procedure was repeated (four times again).
The composted media, treated and untreated, consisted of a 1:1
volumetric mix of food waste (vegetables) and tree leaves composted, turning
twice weekly, for 75 days and stored under cover until used. The compost was
sifted through a half-inch (1 cm) screen to obtain uniformity in the size of the
medium particles.
The plants were fertilized in a progressive array with a water-soluble
fertilizer (Peters Peat Lite Special 20-10-20, Fogelsville, Pa.) at different nitrogen
concentrations. The fertilizer regime started with nitrogen at 50, 150, 250 and
350 mg N / liter. Calcium chloride was added to each nutrient solution in the
concentration of 200 mg Ca/ liter. Magnesium sulfate also was added to each
nutrient solution so that the concentration of 48 mg Mg/ liter. The plants were
irrigated once a day with 100 mL of the fertilizer solution starting, increasing to
200 mL as the plants grew. Additional water was supplied as needed to irrigate
the plants. The experimental design was a randomized complete block with four
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blocks. The plants were sampled at flower initiation. At harvest, fresh weights
and SPAD colorimetric readings (Minolta, Osaka, Japan) were recorded. After
harvesting, healthy leaves from all sections of each plant were combined to
represent a sample of that plant. These samples were dried in an oven at 70 ° C
for 48 hours. After drying, the tissues were ground through a 30-mesh screen.
The plant tissues were analyzed for total N, P, K, Ca, and Mg. The growing
medium was extracted with a universal extracting solution, Morgan s solution,
(Lunt et al., 1958) and tested for NO3-N, P, K, Ca, and Mg. The tissue and media
analyses and data processing followed the procedures outlined in Experiment 1
(Chapter II).

Results
Plant Tissue Results
Plant Growth. The fresh shoot weights were highest in the plants grown in
the treated compost or coir, which averaged 182 g, than in the untreated
compost or peat, which averaged 140 g (Table 4.3 and Fig. 4.1). Fresh weights,
means over all four media or in individual media, followed a linear trend as the
level of fertilization increased rising from 67 g at level 1, to 222 g at level 4 (Table
4.3, Table 4.1, and Fig. 4.2). In the peat and treated compost, the largest shoot
biomass occurred at the third level of fertilization, which contained 250 mg N/ L;
in coir and the untreated compost the largest shoot biomass occurred at the
highest level of fertilization, which contained 350 mg N/L (Table 4.3 and Fig. 4.2).
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Nitrogen. The mean N concentration, which averaged 19 g/kg, in leaves
did not differ significantly among the four media (Table 4.3 and Fig. 4.3). The
concentration of N in leaves, means over all four media or in individual media
and in individual media, increased linearly as the level of fertilization increased
ranging from 16 g/kg at level 1 to 22 g/kg at level 4 (Table 4.1, Table 4.3, and
Fig. 4.4). In the plants grown in the treated composts the N concentration in
leaves followed a linear trend as the level of fertilization increased ranging from
18 g/kg at level 1 to 22 g/kg at level 4 (Table 4.1, Table 4.3, Fig. 4.4)
The highest accumulation indices of N in tissues occurred in the plants
grown in the treated compost or coir, which averaged 0.36 g, than in the tissues
of plants grown in the untreated compost or in peat, which averaged 28 g (Table
4.4). The accumulation index of N in tissues, means over all four media or in
individual media, increased linearly as the level of fertilization increased ranging
from 0.10 g at level 1 to 0.49 g at level 4 (Table 4.4 and Fig. 4.5).
Phosphorous. The highest mean concentrations of P in leaves occurred
in the plants grown in the untreated or treated compost, which averaged 8.6 g/kg,
than in coir or peat, which averaged 4.0 g/kg (Table 4.3 and Fig. 4.6). No
significant differences were determined for the concentration of P in leaves,
means over all four media or in individual media or within individual media, as the
level of fertilization increased (Table 4.1, Table 4.3 and Fig. 4.7).
The accumulation index of P in tissues was significantly different among
all four media (Table 4.4). The highest accumulations indices of P in tissues
occurred in plants grown in the treated compost (0.15 g) decreasing to 0.12 g in
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the untreated compost, to 0.08 g in coir, and to 0.05 g peat (Table 4.4). The
accumulation of P in tissues, means over all four media or in individual media
and within individual media, increased linearly as the level of fertilization
increased ranging from 0.04 g at level 1 to 0.14 g at level 4 (Table 4.1, Table 4.4
and Fig. 4.8).
Potassium. The highest mean concentrations of K in leaves occurred in
the plants grown in the treated or untreated composts and in coir, which
averaged 45 g/kg, than in plants grown in peat, which averaged 36.0 g/kg (Table
4.3 and Fig. 4.9). The concentration of K, means over all four media or in
individual media or in individual media, did not differ significantly as the level of
fertilization increased (Table 4.1, Table 4.3 and Fig. 4.10).
Mean accumulation indices of K in tissues were highest in the treated
compost or coir, which averaged 0.81 g, than in the untreated compost or in peat,
which averaged 0.57 g (Table 4.4). The accumulation of K in tissues, means
over all four media or in individual media, increased linearly as the level of
fertilization increased ranging from 0.30 g at level 1 to 0.97 g at level 4 (Table
4.1, Table 4.4, and Fig. 4.11).
Calcium. The highest mean concentrations of Ca in leaves occurred in
the plants grown in the untreated or treated compost, which averaged 31 g/kg,
than in plants grown in peat or coir, which averaged 21 g/kg (Table 4.3 and Fig.
4.12). The concentration of Ca in leaves, means over all four media and in
individual media except coir, followed a quadratic decline as the level of
fertilization increased ranging from 32 g/kg at level 1 to 26.2 g/kg at level 2, but
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decreasing to 23.6 at level 3, and to 24.4 g/kg at level 4 (Table 4.1, Table 4.3 and
Fig. 4.13).
The highest accumulation indices of Ca in tissues occurred in plants
grown in the treated or untreated composts, which averaged 0.49 g, than in
plants grown in coir or peat, which averaged 0.33 g (Table 4.4). The
accumulation of Ca in tissues, means over all four media or in individual media,
increased linearly ranging from 0.20 g at level 1 to 0.54 g at level 4 as the level of
fertilization increased (Table 4.1, Table 4.4 and Fig. 4.14).
Magnesium. No significant differences in mean Mg concentrations in
tissues occurred among plants grown in the four different media (Table 4.3 and
Fig. 4.15). Also, no significant trends occurred for the concentration of Mg,
means over all four media or in individual media, as the level of fertilization
increased (Table 4.1, Table 4.3 and Fig. 4.16). However, it appears that Mg
declined in leaves of plants grown in coir or untreated compost.
No significant differences of mean Mg accumulations in tissues occurred
among plants grown in the different media (Table 4.4). The accumulation of Mg
in tissues, means over all four media or in individual media, increased linearly as
the level of fertilization increased ranging from 0.05 g at level 1 to 0.14 g at level
4 (Table 4.1, Table 4.4 and Fig. 4.17).
Media Results
Nitrogen. Higher mean N03-N concentrations in media occurred in the
untreated or treated composts, which averaged 65 mg/kg, than in coir or peat,
which averaged 5.0 mg/kg (Table 4.6 and Fig. 4.18). No significant differences

108

were determined for the concentration of NO3-N, means over all four media or
within untreated compost, peat, or coir, as the level of fertilization increased
(Table 4.6 and Fig. 4.19). In the treated compost, the concentration of N03-N
followed a quadratic trend ranging from 66 mg/kg at level 1, peaking at 82 mg/kg
at level 2, then decreasing to 41 mg/kg at level 4 (Table 4.6 and Fig. 4.19).
Phosphorous. The highest mean concentrations of P in media occurred in
the untreated or treated composts, which averaged 238 mg/kg, than in peat or
coir, which averaged 35 mg/kg (Table 4.6 and Fig. 4.20). No significant
differences occurred among P concentrations in media, means over all four
media or in individual media, as the level of fertilization increased (Table 4.6 and
Fig. 4.21).
Potassium. The highest mean K concentrations in media occurred in the
treated or untreated composts, which averaged 423 mg/kg, than in peat or coir,
which averaged 272 mg/kg (Table 4.6 and Fig. 4.22). No significant differences
in K concentration in media, means over all four media or in individual media,
occurred as the level of fertilization increased (Table 4.6 and Fig. 4.23).
However, an apparent linear decline occurred in the treated compost, whereas K
in the untreated compost rose and fell quadratically.
Calcium. The highest mean Ca concentrations in media occurred in the
untreated or treated composts, which averaged 2097 mg/kg, than in peat, which
averaged 1538 mg/kg, or coir, which averaged 516 mg/kg (Table 4.6 and Fig.
4.24). No significant differences in Ca concentrations in media, means over all
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four media or in individual media, occurred as the level of fertilization increased
(Table 4.6 and Fig. 4.25).
Magnesium. The highest mean Mg concentrations occurred in the
untreated or treated composts, which averaged 749 mg/kg, than in peat, which
averaged 595 mg/kg, or coir, which averaged 253 mg/kg (Table 4.6 and Fig.
4.26). No significant differences in Mg concentration in media, means over all
four media or in individual media, were determined as the level of fertilization
increased (Table 4.6 and Fig. 4.27).
pH and Electrical Conductivity. The acidity (Table 4.8) of media differed
with the highest pH occurring in the peat-based medium (mean pH 6.3) and with
the other media not varying (mean pH 5.5). Fertilizer treatments did not affect
the pH (Table 4.9). Electrical conductivity differed among media, with the
composts not differing and having a mean EC of 1.19 dS/m and the peat and coir
also not differing and having a mean EC of 1.25 dS/m.

Discussion
Plant fresh weights for plants grown in the peat and treated composts
peaked at the third level of fertilization, containing 250 mg N /L, indicating that
the critical nutrient concentrations were supplied with this level of fertilization.
Plant fresh weights for plants grown in the coir or in untreated composts peaked
at the fourth level of fertilization, containing 350 mg N/L, indicating that the critical
nutrient concentrations were supplied with this level of fertilization for these
media. Overall, the largest shoot biomasses were the plants that were grown in
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the treated compost or in coir. These results suggest that the treated compost
supplies some nutrition from its natural composition which is synergistic with the
nutrition that is supplied by fertilization. The increased growth of the plants in
coir can be attributed to the increased supply of N at the higher fertility levels, for
plants grown in this medium showed the greatest increase in N accumulations as
N fertilization increased.
The critical plant tissue and media nutrient concentrations in peat and the
treated compost were determined at the third level of fertilization, which
contained 250 mg N/L. The critical plant tissue and media nutrient
concentrations in the untreated compost and coir were determined at the fourth
level of fertilization, which contained 350 mg N/L. These critical nutrient
concentrations were chosen because maximum plant growth occurred at those
levels. The critical plant nutrient concentrations for P, K, Ca and Mg were always
higher in the treated or untreated compost than in peat or coir; the critical plant
nutrient concentrations for N was highest in the coir. For media, the critical
nutrient concentrations for NO3-N, P, K, Ca, and Mg were also highest in the
treated and untreated composts. These results emphasize the importance of
adjusting fertilizer regimes based upon the constituents of the growing medium.
The concentrations of N, P, K, and Ca in leaves were highest in the plants
grown in the treated or untreated composts than those grown in peat or coir. The
concentration of Mg was slightly higher, but not significantly, in the leaves of
plants grown in the peat-based media, perhaps due to an addition of dolomitic
limestone by the manufacturer of the medium. This result shows the sensitivity
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of tissue analysis in assessing the nutritional status of plants. The
concentrations of N and K were slightly higher in the leaves of plants grown in
the treated compost; and the concentrations of P and Ca in leaves were slightly
higher in the leaves of plants grown in the untreated compost. The increase in
nutrient concentration in leaves of plants grown in the treated or untreated
composts can be attributed to the fact that the composted media supplies
additional nutrition, other than the fertilizer added, which neither coir or peat
supply, again showing the sensitivity of tissue analysis in assessing the
nutritional supply of media.
The accumulation of N, K, and Mg in tissues was highest in the plants
grown in the treated compost or the coir. The higher accumulations of N, K, and
Mg in tissues can be attributed to the increased shoot weights of the plants
grown in the treated compost or coir and to the abundant concentrations of these
nutrients in the media. The accumulations of Ca and P in tissues were highest in
the plants grown in the treated or untreated composts; also the media
concentrations of Ca and Mg were highest in the treated and untreated
composts. This increase of accumulation of Ca and Mg can be attributed to the
increased shoot weights of the plants grown in the treated and untreated
composts.
The highest media concentrations of NO3-N, P, K, Ca, and Mg were in the
treated and untreated composts. The higher concentrations of nutrients in the
treated and untreated composts can be attributed to the fact that they supply
additional nutrition through mineralization of N and P and have high cation
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exchange properties. The low concentrations of nutrients in the coir-based
medium can be attributed to two factors: the low CEC values of coir compared to
the other media and the larger shoot biomass of the plants grown in coir (Evans
and Stamps, 1996 a&b). The coir-based medium has been shown to have lower
nutrient holding capabilities than peat (a lower CEC value); thereby, allowing for
more leaching of the nutrients from the media resulting in lower nutrient
concentrations in the media. Also, the plants that were grown in coir had larger
shoot biomasses than plants grown in the peat or untreated compost. The larger
the shoot biomass the more nutrients the plant will extract from the media;
thereby, causing the concentrations of the nutrients in the media to appear lower
than in the other media.
The mean pH of the media did not vary significantly among the media with
peat having the highest pH (6.3) and coir having the lowest pH (5.4) (Table 4.8).
The highest soluble salt levels were in the treated compost (2.17) or the
untreated compost (2.14) (Table 4.8). Peat and coir both had suitable EC levels
(0.35) (Table 4.8). Although the composted media had high soluble salt levels no
salt damage was apparent on the plants grown in those media. The levels of
soluble salts in the treated and untreated composts could have come from their
compositions but also could have been from the fertilizers applied which
contained high levels of NH4-N and K. The EC levels increased as a result of
increasing the fertilizer regimes with the highest EC occurring at the highest level
of fertilization (1.42) (Table 4.9). The mean pH, a mean over all four media,
decreased as the level of fertilization increased. The fertilizers for this
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experiment (and the previous ones) were acid-forming, which can cause the pH
of a medium to decrease either by nitrification or by plant uptake.
Overall, maximum plant growth was obtained by supplying either 250 mg
N/L or 350 mg N/L depending on which medium was used. Also, the plants
grown in coir or untreated compost benefited from an increased supply of N
whereas plants grown in the treated or peat media reached maximum plant
growth with a lower N supply. The concentrations of nutrients in the media were
influenced by the source of the organic components and also by the size of the
plants growing in the media. The pH and EC were in a sufficient range for all
media with a slightly more acidic pH at higher fertility levels.
For both previous experiments (Experiment I, Chapter II; and Experiment
II, Chapter III), the treated and untreated composts or coir were determined to be
equivalent if not superior to peat as a growing medium for tomatoes. For all three
experiments the critical concentrations were supplied with 200 mg N/L.
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Table 4.1 Elemental Compositions of Fertilizer Levels

Nutrient (mg liter “ ’)

Fertilizer Level

Nitrogen

Phosphorus

Potassium

Calcium

Magnesium

1

50

11

40

200

48

2

150

33

120

200

48

3

250

55

200

200

48

4

350

77

280

200

48
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Table 4.2 Media Components

Media Components

M 1

Peat

M2

Compost, Untreated

M3

Compost, Treated

M4

Coir
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Table 4.3 Results of ANOVA, Regression, and Separation of Means for Plant
Tissue Analysis for Nutrient Concentrations

Nutrient Concentrations and Trends

Main Effect

Nitrogen

Phosphorus

Potassium

Calcium

Magnesium

nutrient concentration, g/kg leaves
dry mass basis

Media
M 1
M2
M3
M4
Graphics

17.36
19.61
19.74
18.28

**

ns

b
a
a
a

22.19 b
33.29 a
29.64 a
2074 b

7.35 a
7.22 a
6.29 a
6.10 a

Fig. 4.9

Fig. 4.12

Fig. 4.15

*

**

ns
a
a
a
a

Fig. 4.3

3.78
8.59
8.46
4.15

36.02
45.54
47.69
42.49

b
a
a
b

Fig. 4.6

Trends

Fertilizer
Level

Linear *

ns

ns

Quadratic *

ns

MxT

ns

ns

ns

ns

ns

T:M1
T:M2
T:M3
T:M4

ns
ns
ns
Linear**

ns
ns
ns
Linear**

ns
ns
ns
ns

Quadratic *
Linear**
Linear**
Quadratic *

Quadratic **
ns
ns
ns

Graphics

Fig. 4.4

Fig. 4.7

Fig. 4.10

Fig. 4.13

Fig. 4.16

‘Significance of P < 0.05
“Significance of P< 0.01
For media, mean separation in columns by Duncan’s multiple range test,
(P< 0.05).
See Table 4.2 for media and Table 4.2 for fertilizer compositions.
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Table 4.4 Results of ANOVA, Regression, and Separation of Means for Nutrient
Accumulation Index

Main Effect

Nutrient Accumulation Index and Trends

Nitrogen

Phosphorus

Potassium

Calcium

Magnesium

*

ns

accumulation index, g

Media
M 1
M2
M3
M4

*
0.245
0.300
0.369
0.350

c
be
a
ab

**

*

0.052 d
0.121 b
0.153 a
0.080 c

0.482
0.661
0.874
0.755

c
b
a
ab

0.280
0.453
0.525
0.371

c
ab
a
be

0.094 a
0.099 a
0.115a
0.109 a

Trends

Fertilizer
Level

Linear **

Linear **

Linear **

Linear **

Linear **

MxT

ns

ns

ns

ns

ns

T:M1
T:M2
T:M3
T:M4

ns
ns
ns
ns

ns
ns
ns
ns

ns
ns
ns
ns

ns
ns
ns
ns

ns
ns
ns
ns

Graphics

Fig. 4.5

Fig. 4.8

Fig. 4.11

Fig. 4.14

Fig. 4.17

*Significance of P < 0.05
^Significance of
0.01
For media ,mean separation in columns by Duncan’s multiple range test,
(P<; 0.05).
See Table 4.2 for media and Table 4.1 for fertilizer compositions.
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Table 4.5 Critical Nutrient Concentration, g/kg in Plant Tissue, in Peat,
Compost Untreated, Compost Treated, and Coir

Critical Nutrient Concentration in
Plant Leaves, g/kg

Nutrient

N
P
K
Ca
Mg

Peat

Compost
Untreated

Compost
Treated

Coir

17
3
28
17
5

22
8
41
29
7

21
9
48
29
6

24
5
43
21
6
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Table 4.6 Results of ANOVA, Regression, and Separation of Means for Media
Analysis

Main Effect

Nutrient Concentrations and Trends

Nitrogen

Phosphorus

Potassium

Calcium

Magnesium

nutrient concentration, mg/kg media,
dry mass basis

Media

**

**

M 1
M2
M3
M4

4.7 b
69 a
60 a
5.4 b

43 b
243 a
232 a
28.0 b

Graphics

Fig. 4.18

Fig. 4.20

*

278
394
451
266

b
a
a
b

Fig. 4.22

**

**

1538 b
2224 a
1971 a
515 c

594 b
758 a
740 a
253 c

Fig. 4.24

Fig. 4.26

Trends

Fertilizer
Level

ns

ns

ns

ns

ns

MxT

**

ns

ns

ns

ns

T:M1
T:M2
T:M3
T:M4

ns
ns
Quadratic *
ns

ns
Linear*
ns
ns

ns
Quadratic *
Linear**
ns

ns
ns
ns
ns

ns
ns
ns
ns

Graphics

Fig. 4.19

Fig. 4.21

Fig. 4.23

Fig. 4.25

Fig. 4.27

‘Significance of P < 0.05
“Significance of P< 0.01
For media, mean separation in columns by Duncan’s multiple range test,
(P< 0.05).
See Table 4.2 for media and Table 4.1 for fertilizer compositions.
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Table 4.7 Critical Nutrient Concentration, mg/kg in Media, in Peat, Compost
Untreated, Compost Treated, and Coir
Critical Nutrient Concentration in
Media, mg/kg

Nutrient

N
P
K
Ca
Mg

Peat

Compost
Untreated

Compost
Treated

Coir

5
44
303
1656
635

76
278
347.7
2374
839

50
252
400
1876
723

4
30
264
506
236
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Table 4.8 Mean pH and EC Values as a Function of Media

Media

Mean pH

Mean EC dS/m

Peat

6.26

0.39

Compost,
Untreated

5.44

2.14

Compost,
Treated

5.74

2.17

Coir

5.36

0.29

** The media were extracted with a 1:1 w/v ratio of medium to distilled water
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Table 4.9 Mean pH and EC Values as a Function of Fertilizer Level

Fertilizer Level

Mean pH

Mean EC dS/m

1

5.89

1.18

2

5.80

1.18

3

5.55

1.20

4

5.56

1.42

** The media were extracted with a 1:1 w/v ratio of medium.
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Figure 4.1 Mean Fresh Biomass per Plant (Fresh Weight) Among Media
(mean separation by Duncan's multiple range test, P<0.05)

Figure 4.2 Shoot Fresh Biomass per Plant (Fresh Weight) as a Function
of Fertilizer Level and Medium (see Table 3.10 for Fertilizer Level).
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Figure 4.3 Mean Nitrogen Concentration in Leaves Among Media
(mean separation by Duncan's multiple range test, P<0.05)

Figure 4.4 Nitrogen Concentration in Leaves (Dry Weight) as a Function
of Fertilizer Level and Medium ( see Table 4.1 for Fertilizer Level).
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Figure 4.5 Nitrogen Accumulation in Plant Shoots as a Function
of Fertilizer Level and Medium ( see Table 4.1 for Fertilizer Level).
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Figure 4.6 Mean Phosphorous Concentration in Leaves Among Media
(mean separation by Duncan’s multiple range test, P<0.05)
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Figure 4.7 Phosphorous Concentration in Leaves ( Dry Weight) as a Function
of Fertilizer Level and Medium ( see Table 4.1 for Fertilizer).

Figure 4.8 Phosphorous Accumulation in Plant Shoots as a Function
of Fertilizer Level and Medium (see Table 4.1 for Fertilizer Level).
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Figure 4.9 Mean Potassium Concentration in Leaves Among Media
(mean separation by Duncan's multiple range test, P<0.05)

Figure 4.10 Potassium Concentration in Leaves (Dry Weight) as a Function
of Fertilizer Level and Medium ( see Table 4.1 for Fertilizer Level).
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Figure 4.11 Potassium Accumulation in Plant Shoots as a Function
of Fertilizer Level and Medium (see Table 4.1 for Fertilizer Level).
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Figure 4.12 Mean Calcium Concentration in Leaves Among Media
(mean separation by Duncan's multiple range test, P<0.05)
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Figure 4.13 Calcium Concentration in Leaves (Dry Weight) as a Function
of Fertilizer Level and Medium ( see Table 4.1 for Fertilizer Level).

Fertilizer Level
Figure 4.14 Calcium Accumulation in Plant Shoots as a Function
of Fertilizer Level and Medium ( see Table 4.1 for Fertilizer Level).
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Figure 4.15 Mean Magnesium Concentration in Leaves Among Media
(mean separation by Duncan's multiple range test, P<0.05)

Figure 4.16 Magnesium Concentration in Leaves ( Dry Weight) as a Function
of Fertilizer Level and Medium (see Table 4.1 for Fertilizer Level).
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Mg Accumulation,
Figure 4.17 Magnesium Accumulation in Plant Shoots as a Function
of Fertilizer Level and Medium (see Table 4.1 for Fertilizer Level).
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Figure 4.18 Mean Nitrate Concentration in Media Among Media
(mean separation by Duncan’s multiple range test, P <0.05)
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Figure 4.19 Nitrate Concentration in Media as a Function
of Fertilizer Level and Medium (see Table 4.1 for Fertilizer Level).
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Figure 4.20 Mean Phosphorous Concentration in Media Among Media
(mean separation by Duncan's multiple range test, P<0.05).
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Figure 4.21 Phosphorous Concentration in Media as a Function
of Fertilizer Level and Medium (see Table 4.1 for Fertilizer Level).
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Figure 4.22 Mean Potassium Concentration in Media Among Media
(mean separation by Duncan's multiple range test, P<0.05).

Figure 4.23 Potassium Concentration in Media as a Function
of Fertilizer Level and Medium ( see Table 4.1 for Fertilizer Level).
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Figure 4.24 Mean Calcium Concentration in Media Among Media
(mean separation by Duncan's multiple range test, P<0.05).
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Figure 4.25 Calcium Concentration in Media as a Function
of Fertilizer Level and Medium ( see Table 4.1 for Fertilizer Level).
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Figure 4.26 Mean Magnesium Concentration in Media Among Media
(mean separation by Duncan's multiple range test, P<0.05).

Figure 4.27 Magnesium Concentration in Media as a Function
of Fertilizer Level and Medium ( see Table 4.1 for Fertilizer Level).
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APPENDIX A.
PETERS PEAT-LITE SPECIAL 20-10-20 ELEMENTAL ANALYSIS
Macro-Nutrient Content %

Nutrient

20

Total Nitrogen (N)

12

Nitrate Percentage

8

Ammonium Percentage

Available Phosphoric Acid (P2O5)

10

Soluble Potash (K20)

20

Trace Element Content %

Magnesium as Mg

.1500

Iron as Fe

.1000

Manganese as Mn

.0560

Boron as B

.0200

Zinc as Zn

.0162

Copper as Cu

.0100

Molybdenum as Mo

.0100
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APPENDIX B.
EXTRACTABLE N, P, K, CA, AND MG CONCENTRATIONS AND SELECTED
CHEMICAL PROPERTIES OF THE UNTREATED AND TREATED COMPOSTS.

Element, mg/kg

Treatment

Compost Untreated

Compost Treated

N

502

502

P

339

332

K

3170

3396

Ca

3515

3247

Mg

603

639

PH

6.8

6.8

EC, dS/m

3.48

3.36

14

14

Property

C:N
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